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The story of the development of the 
chemically pure bile acids and their thera- 
peutic use has not been as spectacular and 
glamorous as that of the vitamins D and 
certain sex hormones, with which they share 
the same chemical nucleus, namely, the 
cyclo - pentano - perhydro - phenanthrene sys- 
tem of rings. Progress has been slow and 
painstaking and has extended over a period 
of many years. Nevertheless, the study of 
bile acids has held many dramatic moments 
for those who were intimately connected with 
this research work, and for those who have 
closely watched its growth. For a discussion 
of recent progress made in the chemistry of 
all products which are termed “bile acids,” 
the reader is referred to Sobotka (1, 2, 3). 
The present review is limited to those bile 
acids or bile salts, the pharmacological ac- 
tion of which has been the subject of recent 
studies and which have found therapeutic 
use. 

These bile acids are primarily derived 
from ox bile, or are derivatives of such 
products. They occur in nature in neutral 
or alkaline solutions. Thus dried bile con- 
tains them in the form of sodium salts ac- 
companied by minor amounts of the potas- 
sium salts. The terms ‘‘bile acids” and “‘bile 
salts’’ are often used interchangeably. 


* Received Mar. 11, 1944 from Riedel-de Haen, 
Inc., New York, N. Y. 

t This is the eighth of a series of review articles. 
Part of the cost of publication of this series of review 
articles is paid from the treasury of the National 
Conference on Pharmaceutical Research. 


From ox bile essentially the same bile 
acids can be extracted as from human bile. 
The preponderating acid is cholic acid; the 
next is desoxycholic acid. There are minute 
amounts of lithocholic acid and anthropo-de- 
soxycholic acid or cheno-desoxycholice acid. 
Presumably all of these exist in conjugated 
form with glycocoll and taurine, but 
there are reports that some of the uncon- 
jugated free acids may be present in bile. 
Recently Berman, Snapp, Hough and Ivy 
(4) have found dog bile to contain a number 
of keto-reacting substances. 

Hog bile differs in its composition from ox 
bile and human bile. The essential bile 
acid in hog bile is hyodesoxycholic acid or 
3,6-dihydroxycholaniec acid. Fernholz (5) 
isolated from hog bile a keto acid whose 
formula was 3-hydroxy-6-ketocholanic acid. 
This was later confirmed by Schoenheimer 
and Johnston (6). According to Irvin, 
Mecker, Anderson and Johnston (7), hyode- 
soxycholic acid represents 88% of the total 
bile acids found in dried fresh hog gall- 
bladder bile; the remainder consists of 3- 
hydroxy-6-ketocholanic acid. These in- 
vestigators also report that 94% of the hog 
bile acids are combined with glycine and 


approximately 6°% are combined with 
taurine. 

CHEMICAL STANDARDS 
Cholic acid (trihydroxycholanic acid, 


CyHwOs) is a white crystalline powder. 
The structural formula of cholic acid, the 
preponderating bile acid of ox bile, was estab- 
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lished by Wieland in 1929. The formula 
which Wieland presented in his Nobel Prize 
paper (8) was later modified by Rosenheim 
and King (9) to the following: 

OH 


Hs i 
AN|Z 


HOY “ “ OH 
Wieland’s extensive research work has 
laid the foundation for our present-day 
knowledge of the chemistry of bile acids. 
He was supported in his work by Rosenheim, 
Borsche, Schenck and many others. Schenck 
(10) recently published his sixty-ninth paper 
on the results of his work. 
Desoxycholic acid  (dihydroxycholanic 
acid, CosHwO,) is a white crystalline powder. 
OH 
iCHs 
AN. 
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Dehydrocholic acid (triketocholanic acid, 
CxH,O;) was first prepared by Hammar- 
sten in 1881 (11) by oxidizing cholic acid. 
It is a white crystalline powder. 


C.H,COOH 


Ever since Adlersberg and Neubauer, 
Pohl and others started their investigation of 
the pharmacological action and therapeutic 
use of the chemically pure bile acids (de- 
soxycholic and dehydrocholic acids) about 
1922, a large number of papers have been 
published dealing with the pharmacody- 
namic action of these compounds as well as 
of ox bile salts. The data presented by the 
early investigators have essentially been con- 
firmed. Recent studies however, have 
thrown considerably more light on the 
metabolism, pharmacological action and 
therapeutic usefulness of bile acids and their 
salts. 

In any comparison of the pharmacological 
action of these products the fact should be 
borne in mind that by the term “bile salts” 
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is meant a mixture of the naturally occurring 
salts of the bile acids extracted in more or 
less pure form from ox bile or hog bile. 
These differ widely in their composition de- 
pending on how they are made and upon 
their source (12). A comparison of the re- 
sults obtained by various research workers 
with “‘bile salts” is not easy because it is 
not always stated how the bile salts used 
were made and what degree of purity they 
possessed. 

The term “‘bile salts,’ therefore, does not 
give a very exact description of the composi- 
tion of these products. This fact has been 
recognized in the Twelfth Revision of the 
U. S. Pharmacopoeia (15), which now re- 
quires that “Extract of Ox Bile U. S. P. 
XII’ must contain not less than 45°; of 
cholic acid, which is presumably in the form 
of sodium glycocholate and sodium tauro- 
cholate. The acceptance of this standard 
was also recommended in a report of the 
Sub-Committee on Digestive Ferments and 
Glandular Products of the American Drug 
Manufacturers Associaton (14). It is hoped 
that this standardization will in the future 
prevent confusions which have existed in the 
application of the term “bile salts’’ to ma- 
terials which more properly should be called 
“extract of ox bile.’’ No suggestions have as 
yet been made in regard to the standardiza- 
tion of extract of hog bile. The same ap- 
plies to the use of so-called ‘‘mixed”’ oxidized 
unconjugated ox bile acids. The latter prod- 
ucts available at the present time differ in 
their purity and degree of oxidation. This 
group of ‘“‘ketocholanic acids’’ is obtained by 
oxidizing im toto the unconjugated bile 
acids contained in ox bile. 


METABOLISM 


Bile salts are reabsorbed from the intes- 
tine, carried to the liver by the portal blood 
flow, and again excreted with the bile. Only 
a small part (about 10°7) of these bile acids 
is lost in each of these circuits, and a corre- 
spondingly small part is synthetized (15). 

The manner of formation of bile acids in 
the human organism is, like that of the 
closely related cholesterol, still a matter of 
conjecture (16). There seems to be little, 
if any, evidence pointing to the transforma- 
tion of cholesterol into bile acids. Feeding 
of the former does not increase bile salt pro- 
duction, as evidenced in the extensive studies 
on the bile fistula dogs of Smith and Whipple 
(17). Enderlen, Thannhauser and Jenke 
(18) conclude from their work that the for- 
mation of bile acids from cholesterol, al- 
though not to be excluded, is not supported 
by convincing evidence. Thannhauser (19) 
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determined that protein feeding has no ef- 
fect on the amount of bile acid excreted or 
on bile volume in a patient with a biliary 
fistula. Almquist, Mecchi and Kratzer (20) 
found that protein-free milk given to chicks 
in place of water leads to an increased level 
of cholic acid in the gall-bladder bile. Cholic 
acid producing activity is not shown by the 
estrogen fraction from whey or by the pure 
estrogens, theelin, estriol and stilbestrol, or 
by cholesterol. Attention is called to the 
existence in milk of a cholic acid producing 
substance, possibly a precursor of bile acids, 
which is as yet unidentified. 

Other investigators find that cholic acid 
synthesis appears to depend upon the 
amount of protein in the diet (21, 22). The 
same conclusion has been reached by Smith 
and Whipple (17) who found that meat and 
meat products, including beef heart, kidney 
and liver, when fed to bile fistula dogs, cause 
a notable rise in bile salt output. 

Schmidt and his associates (23, 24, 25, 26) 
have presented a very interesting contribu- 
tion to the metabolism of bile acids. They 
point out that cholic acid is decomposed by 
the action of Alcaligenes faecalis. The first 
study was made on guinea pigs, and the re- 
sult indicates that this decomposition takes 
place in the cecum. In subsequent work they 
showed that alcaligenes oxidizes the hydroxyl 
groups of cholic acid to carbonyl groups. 
The end product of the action of alcaligenes 
on cholic acid in a synthetic medium has 
been identified as 3,7,12-triketocholanic acid 
(dehydrocholic acid) (25). 

Hughes and Schmidt (26) report that 
Alcaligenes faecalis cultured in serum oxidizes 
desoxycholic acid, hyodesoxycholic acid, 
lithocholic acid and dehydroisoandrosterone 
to keto derivatives, but exerts no action on 
estradiol or estriol. 

Haslewood (27, 28) has been successful 
in oxidizing cholic acid with chromium tri- 
oxide to a mixture giving the semicarbazone 
of 7-keto-3,12-dihydroxycholanic acid. Re- 
duction of this substance yields desoxycholic 
acid of high purity. Similar results have 
been reported by Schneider and Hoehn (29), 
who used a slightly different method. 


TOXICITY 


The toxicity of the bile acids and their 
salts has been the subject of numerous in- 
vestigations. Horrall (30) in 1938 published 
an extensive review of these. His own 
studies and the papers referred to indicate 
distinct differences between the toxicity of 
the various bile acids contained in ox bile 
and the oxidized bile acids. 

Toxicity studies have been made by vari- 


ous methods: lethal doses in different ani- 
mals, hemolytic effect, the effect on excised 
heart and skeletal muscles, effect on the gall 
bladder, and other studies. These investi- 
gations reveal that cholic acid is less toxic 
than desoxycholic acid, and that dehydro- 
cholic acid is the least toxic of all. Gillert 
(31), working with rabbits, determined the 
following lethal doses of various bile salts 
upon intravenous administration: 


Sodium desoxycholate........ 0.015 Gm./kilo body 
weight 

Sodium cholate............. 0.05 Gm./kilo body 
weight 

Sodium gylcocholate......... 0.09 Gm./kilo body 
weight 

Sodium apocholate.......... 0.09 Gm./kilo body 
weight 

Sodium taurocholate.........0.11 Gm./kilo body 
weight 

Sodium dehydrocholate...... 1.1 Gm./kilo body 
weight 


Desoxycholic acid by mouth was found to 
be lethal in doses of 2 Gm. per kilo after a 
period of seven days. 

Berliner and Schoenheimer (32) deter- 
mined the hemolytic properties of a group 
of 17 bile acids in relation to their structure. 
Desoxycholic acid and hyodesoxycholic acid 
proved to be strongly hemolytic and de- 
hydrocholic acid only weakly hemolytic, 
hemolysis being still incomplete after twenty 
hours. 

The in vitro hemolysis studies on human 
erythrocytes by Grodins, Berman and Ivy 
(33) confirm these results. The following 
chemically pure bile acids were used: cholic 
acid, natural glycocholic acid, natural tauro- 
cholic acid, synthetic glycocholic acid, syn- 
thetic taurocholic acid, apocholic acid, de- 
soxycholic acid, dehydrocholic acid. 

The same investigators (33) made blood 
pressure studies with the same group of bile 
acids on anesthetized dogs. Ten per cent 
solutions of the sodium salt of these bile 
acids were injected into the femoral vein. 
The result of this work may be divided into 
three groups: Group I contains only one 
salt, dehydrocholate, which is by far the 
least toxic; Group II contains four salts of 
intermediate toxicity, cholate, two conju- 
gated salts and dehydrodesoxycholate. _ Fi- 
nally, Group III contains the two most toxic 
salts, apocholate and desoxycholate. 

The above studies reveal that oxidation of 
the three hydroxyl groups of cholic acid to 
ketone groups markedly decreases toxicity. 
Conjugation of cholic acid with glycine or 
taurine does not have a marked effect on the 
toxicity. The removal of the hydroxyl 
group of C; of cholic acid very markedly in- 
creases toxicity. Oxidation of the two 
hydroxyl groups of desoxycholic acid mark- 
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edly (44°,) decreases the toxic properties of 
the latter compound, though not so markedly 
(64%) as the oxidation of cholic acid. 

The effect of the long-continued oral 
administration of oxidized ox bile acids and 
dehydrocholic acid on the dog and rat, has 
been investigated by Berman, Snapp, Ivy 
and Atkinson (34). The dogs received daily 
doses of from 3 to 5 Gm. for a period of at 
least three to seven months. These amounts 
are considerably larger than the daily dose 
of 2 Gm., the dosage suggested for the oral 
use of these products in human beings. 
White male rats received subcutaneous daily 
doses of 0.3 Gm. per kilo for at least thirty 
days. In numerous instances the subcutane- 
ous injection of the oxidized ox bile salts 
resulted in skin abscesses. These did not 
occur in rats that had been injected with 
pure sodium  dehydrocholate. Another 
group of rats received the same doses of 
these products orally. 

Examination of the animals was made for 
toxic effects by observing body weight, by 
determining bromsulfalein clearance, _ by 
analyzing the liver for total fat and glycogen 
content, and by histological studies of sec- 
tions of the liver and kidney. No change in 
body weight of the animals, no alteration in 
the normal bromsulfalein excretion test, and 
no abnormal changes in the concentrations 
of total liver fat and glycogen were observed. 
Histological studies of both liver and kidney 
tissues revealed no destructive or degenera- 
tive changes in these organisms. 

Effect on Bile Secretion.—The effect of bile 
acids on bile secretion has been investigated 
by a large group of research workers. The 
literature on this subject is extensive but 
to some extent confusing; first, because of 
difficulties encountered in animal experi- 
mentation; second, because of the complex- 
ity of the chemical problems involved; and 
third, because the products used have not 
been of uniform composition and purity. 

The confusion which in the past has 
existed regarding the composition of prod- 
ucts used in experimental work on bile acids 
applies equally well to the usage of Greek 
terms employed in the literature referring 
to the formation of bile by the liver and the 
evacuation of the gall bladder. Ivy’ has, 
therefore, recently suggested the following 
series of new definitions: 


Cholecystagogue: A general term to refer to an 
agent or agency which causes or promotes the 
evacuation of the gall bladder. Evacuation of the 
gall bladder may be caused by contraction of its 


! Personal communication, to be published in 
Gastroenterology 
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musculature or by a relaxation of the 
of Oddi,”’ or both. 

Cholecystokinetic: Possessing the 
causing gall-bladder contraction. 

Cholepoiesis: A general term referring specifically 
to the formation of bile by the liver. 

Cholanopoiesis: The synthesis of cholic acid or 
of its conjugates and salts. 

Cholechromopoiesis: The synthesis of bile pig- 


“sphincter 


property of 


ment. 
Cholesterolopoiesis: The synthesis of cholesterol 
Choleresis: A general term meaning an increase 


in the output of bile 

Hydrocholeresis: Denotes that the choleresis is 
characterized by an increase in water output, or 
that a bile relatively low in specific gravity, vis 
cosity and content of total solids has been produced 
by some hydrocholeretic agent. 

Cholaneresis: An increase in the output or elimi- 
nation of cholic acid, its conjugates and their salts, 
such as sodium taurocholate and glycocholate. The 
increased quantity of natural bile salts excreted is 
additive and is not due to any stimulation of the 
liver to produce bile salts. 

Dehydrocholaneresis: Desoxycholaneresis: Indi 
cate an increase in the output or elimination of the 
specific bile salt mentioned in the prefix 

Cholechromeresis: An increase in the output or 
elimination of bile pigment 

Cholesteroleresis: An increased 
cholesterol in the bile 


elimination of 


The present review does not use the above 
nomenclature because the literature dis- 
cussed in this report refers only to the terms 
“choleresis” (representing a single term for 
Ivy's separate definitions of choleresis and 
cholaneresis) and ‘‘hydrocholeresis’’ (having 
the same meaning as Ivy's definition). 

The difference between a choleretic and a 
hydrocholeretic agent may best be demon- 
strated by the following percentage changes 
in bile flow following the administration of 
extract of ox bile (ox bile salts) and dehydro- 
cholic acid (35). 


PERCENTAGE INCREASE OF NORMAL BILE FLow 


Total Fluids Solids 
365, 
106 


67°), choleretic 
63°) hydrocholeretic 


Ox bile salts 
Dehydrocholic acid 


It will be seen that the term “‘cholagogue”™ 
which has so frequently been used in the 
medical literature in connection with the 
action of “‘bile salts’’ does not describe a 
pharmacological effect of these compounds 
because bile salts or oxidized bile acids do not 
cause the gall bladder to contract, an action 
which has been described by many to be 
that of a cholagogue. 

The first studies on the effect of pure bile 
acids (desoxycholic acid and dehydrocholie 
acid) on bile secretion were published by 
Neubauer (36, 37, 38), Pohl (39) and Adlers- 
berg and Neubauer (40). Clara (41) made 


14 
hi: 
| or 
hy 
ad 
He 
bil 
mi 
du 
lor 
pa 
bil 
Th 
tot 
bil 
sal 
che 
du 
hey 
sta 
hy: 
ch 
det 
fou 
dos 
bot 
bil 
tw 
Atl 
Sn: 
| sea 
(a) 
on 
the 
lere 
(c) 
me 
pos 
Caw 
tha 
| 30 
bile 
ane 
ing 
bile 
| 
| Dek 
Apo 
Des 
| Cho 
Deh 
| 
Tau 
Oxi 


SCIENTIFIC EDITION 165 


histological studies on the bile capillaries in 
order to determine the mechanism of the 
hydrocholeretic effect following intravenous 
administration of sodium dehydrocholate. 
He observed a decided enlargement of the 
bile capillaries within eight to ten minutes 
after the injection. This reaches its maxi- 
mum extent after a period of about forty- 
five minutes and then gradually decreases 
during a period of twenty-four hours or 
longer. 

Doubilet (42, 43, 44) reports on the he- 
patic excretion in dogs and in man of various 
bile acids following their oral administration. 
The effect on raising the concentration and 
total output of natural bile acids in hepatic 
bile was in the following order: ox bile 
salts, glycocholic acid, cholic acid, desoxy- 
cholic acid. These natural bile acids pro- 
duced a larger increase in their excretion in 
hepatic bile than the excretion of these sub- 
stances following the administration of de- 
hydrocholic acid. The amount of dehydro- 
cholic acid excreted in hepatic bile was not 
determined. 

Riegel, Ravdin and Prushankin (45) 
found in their studies with biliary fistula 
dogs that sodium dehydrocholate increases 
both the cholate and chloride excretion in 
bile. There was no significant change in the 
twenty-four hour excretion of cholesterol. 
Atkinson, Berman, Grodins, Hough, Ivy and 
Snapp (33, 34, 35) undertook extensive re- 
search work on the following subjects: 
(a) to study the effect of different bile acids 
on bile secretion with the idea of obtaining 
the relation of structure to increase in bile 
secretion; (b) to determine the effect of dif- 
ferent bile acids on the composition of bile; 
(c) to determine, if possible, how the body 
metabolizes oxidized bile acids. These pur- 
poses have only been achieved in part be- 
cause these authors, like others, have found 
that the problem is very complex and chem- 
ical analytical methods are limited. 

In an investigation of the first question, 
30 mg. per kilo of body weight of various 
bile acids was administered intravenously to 
anesthetized dogs and produced the follow- 
ing percentage increases in the secretion of 
bile during the first hour after injection: 


Percentage Increase in Bile Secretion 


.575 
340 
Cholate 265 
Dehydrodesoxycholate 
Glycocholate (synthetic) 220 
Taurocholate (synthetic) .175 


Oxidation of the three hydroxyl groups of 


cholic acid to keto groups markedly in- 
creases the effect on bile secretion. Sodium 
dehydrocholate is, therefore, by far the most 
effective agent. It causes a greater and 
more prolonged action than any of the other 
bile salts studied. 

To answer the second and third questions, 
four kinds of bile acid preparations were 
used: (a) bile salts extracted from ox bile; 
(6) oxidized conjugated ox bile acids; (c) 
oxidized unconjugated ox bile acids; (d) 
chemically pure dehydrocholic acid (oxi- 
dized cholic acid or triketocholanic acid). 
The various bile acid preparations were ad- 
ministered by mouth to dogs in 3-Gm. 
doses, and the data seem to indicate that 
the liver or body handles natural ox bile 
salts differently from an oxidized bile acid 
(dehydrocholic acid). 

From the standpoint of the content of 
nonvolatile solids, natural ox bile salts in- 
crease the secretion of bile and tend to 
“thicken”’ it (choleretic effect). The oxidized 
conjugated bile acids cause a moderate in- 
crease in bile volume output, with but little 
change in cholate, water, nonvolatile solid 
contents and viscosity. The oxidized un- 
conjugated ox bile acids and dehydrocholic 
acid ‘“‘thin’’ hepatic bile (hydrocholeretic 
effect). 

‘he increase in bile salt output when nat- 
ural cholates are fed appears to be derived 
solely from the cholates administered of 
which 90% can usually be recovered in bile 
within eight hours. The administration of 
natural cholates (ox bile salts) does not 
increase the cholic acid synthesis by the 
liver. The bile output of keto reacting sub- 
stances in the bile is increased. Dehydro- 
cholic acid neither uniformly increases nor 
decreases the output of natural bile acids. 

Although the output in bile of keto react- 
ing substances is markedly increased after 
oral administration of dehydrocholic acid, it 
appears that the oxidized bile acids are 
stored to some extent, in the body. On in- 
terruption of the administration of keto 
acids the excretion of keto reacting sub- 
stances does not seem to return to the con- 
trol level for one to five days. 

The administration of bile acids, either of 
the natural or oxidized products, does not 
appear to affect significantly bile pigment 
output in the normal animal. Cholesterol 
excretion is increased with all the bile acids 
studied except dehydrocholic acid. Wright 
and Whipple likewise found that 2 Gm. of 
sodium dehydrocholate given by vein does 
not increase the excretion of cholesterol in 
the bile (46). 

Irvin, Johnston and Anderson (47) ad- 
ministered desiccated hog bile orally to bili- 
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ary fistula dogs and human beings and report 
that it increases the volume output of bile 
and the total output of bile acids. The great- 
est increase occurred in the ‘“‘desoxycholic 
acid fraction’? which was probably mostly 
hyodesoxycholic acid. 

Berman, Snapp, Ivy, Hough and Atkin- 
son (48), in their study on the effect of hog 
bile salts on bile flow, used the same meth- 
ods which they employed for determining 
the action of-ox bile salts and oxidized bile 
acids (35). Various preparations of desic- 
cated hog bile, pure hyodesoxycholic acid, 
oxidized hyodesoxycholic acid, and oxidized 
conjugated hyodesoxycholic acid were em- 
ployed. The oxidation or conjugation of 
hyodesoxycholic acid does not significantly 
modify the choleretic property. This is in 
contrast to the results obtained with cholic 
acid, the chief bile acid in ox bile. Three- 
gram doses of the various hog bile acids 
(given daily) produced an increase in the 
secretion of bile from 38 to 40°% of high vis- 
cosity. When hog bile preparations are 
used, hyodesoxycholic acid, a bile acid ap- 
parently foreign to human bile, is excréted 
into the intestine. This is not true when ox 
bile salts or oxidized cholic acid preparations 
are used. Whether this difference is of 
physiological significance is unknown. 
Cholic acid output is not significantly modi- 
fied though the output of cholic acid is rend- 
ered more variable. The hog bile prepara- 
tions tend to increase total cholesterol out- 
put slightly, but have no significant effect 
on the total output of pigment and the con- 
centration of nonvolatile salts. The bile is 
not ‘“‘thinned”’ by hog bile preparations. 

Berman, Snapp and Ivy (49) gave con- 
tinuous intravenous injections of sodium 
dehydrocholate at the rate of 0.6 or 6 Gm. 
per hour to anesthetized dogs whose gall 
bladders had been excluded and the com- 
mon duct cannulated for the collection of 
bile. These doses of sodium dehydrocholate 
do not increase the rate of removal after 
intravenously injected bilirubin (5 or 12 
mg. per kilo body weight) from the blood 
stream or its excretion in the bile. This is 
also true when whole dog bile is used as a 
source of bile pigment. In the opinion of 
the investigators these results do not neces- 
sarily indicate that the administration of 
sodium dehydrocholate or a similarly acting 
choleretic or hydrocholeretic agent, after the 
relief of common duct obstruction, will not 
increase the rate of excretion of bilirubin and 
the disappearance of jaundice. 

Grodins, Osborne, Ivy and Goldman (50) 
studied the effect of bile acids on the hepatic 
blood flow in dogs with the direct current 
thermostromuhr (Baldes and Herrick). They 


found that true hydrocholeretics such as 
sodium dehydrocholate increase the flow of 
blood in the hepatic arteries. Choleretic 
agents such as the conjugated cholates do 
not produce this effect. 

Other investigators have studied the ef- 
fect of chemically pure bile acids and oxi- 
dized bile acids on carbohydrate metabolism. 
Some observers claim that these products 
diminish liver glycogen, whereas others state 
that they increase glycogen deposition. 
None of the evidence on this point is com- 
plete or satisfactory (51, 52, 53, 54, 55, 56, 
57) and further studies are required. 

Effect on Intestinal A bsorption.— Neubauer 
(58) called attention to the extreme surface 
activity of the natural bile acids which are 
responsible for the great ease with which the 
bile salts emulsify fats, their hemolytic 
action and the operation of the ‘“‘Hay Test” 
used to detect their presence in urine. The 
surface activity of bile acids is in direct 
relationship to their toxicity; 7. e., desoxy- 
cholic acid displays the greatest surface 
activity and dehydrocholic acid the least. 

Desoxycholic acid forms correlating or 
molecular compounds with many types of 
other substances such as fatty acids, alco- 
hols, phenols, ketones (camphor) and hydro- 
carbons (naphthalene). These compounds 
were termed choleic acids by Wieland and 
Sorge (59). Subsequent studies have con- 
firmed this phenomenon (60, 61). The 
alkali salts of choleic acids are water solu- 
ble, thus providing a means of transporting 
water-insoluble substances into the tissues. 

The significance of the choleic acids in 
intestional absorption is obvious. This 
principle aids greatly in the absorption of 
fats by the intestinal tract and has been the 
basis of numerous investigations concerning 
its influence on the absorption of fats and 
fat-soluble vitamins and other drugs by the 
intestinal tract. In addition to their emulsi- 
fying power bile acids exert a very notice- 
able catalytic influence on the saponification 
of fats by the pancreatic lipase and increase 
the hydrolytic power of the pancreatic juice 
toward neutral fats (62, 63, 64). 

In spite of extensive research, the exact 
mechanism of the absorption of fats by the 
intestinal mucosa remains a matter of dis- 
pute (62, 65, 66). In order to determine the 
effect of bile acids on fat absorption, 
Crandall and Ivy (67) used the rise in blood 
fat after a standard meal of 140 ml., water 
and 100 ml. olive oil as the criterion of fat 
absorption. When no ox bile salt was added 
there was no rise in blood fat following oral 
administration. The administration of 3 
Gm. of commercial ox bile salts and 3 Gm. 
of a not fully purified form of desoxycholic 
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acid resulted in a marked rise in blood fat of 
two to five hours after administration. 
Dehydrocholic acid and cholic acid were in- 
effective in promoting absorption. 

The similarity in the chemical structure 
between male sex hormones and bile acids 
suggested to a number of research workers 
the possibility of the administration of bile 
acids by mouth to enhance the activity of 
the male sex hormone when administered 
orally. Experiments carried out in human 
beings and monkeys without adequate con- 
trol have given inconclusive results (68, 69, 
70, 71). In the animal experiments by 
Wells, Burrill and Greene (72) there was no 
significant difference between the weights 
of the prostates in animals receiving desoxy- 
cholic acid and those receiving only test- 
osterone propionate. Desoxycholic acid, 
therefore, does not appear to enhance the 
oral effectiveness of testosterone propionate 
in the rat. 

Seyle (73) determined the role played by 
bile in the absorption of steroids in female 
albino rats. This study indicates that bile 
exerts no important influence on the ab- 
sorption of desoxycorticosterone acetate, 
progresterone and testosterone from the 
intestinal tract. 

According to Sobotka (1) the general 
opinion is that absorption of ingested cho- 
lesterol and of cholesterol excreted by the 
intestinal mucosa requires the presence of 
bile. Schoenheimer, et al. (74, 75), found 
in mice that the absorption of cholesterol 
and fats is hastened by the administration 
of desoxycholic acid. Spanner, Bauman 
and Bashour (76, 77) report that the solu- 
bility of cholesterol is about four times as 
great in a 3°; solution of the sodium salt 
of desoxycholic acid as in one of the sodium 
salts of cholic, taurocholic or glycocholic 
acid. 

Because the solubility of cholesterol in 
certain bile salts is to some extent linked to 
the formation of gall stones in human beings 
claims have been advanced from time to time 
that the formation of such stones can be 
discouraged by the administration of bile 
acids or ox bile salts, or that stones can 
even be dissolved. The evidence available 
at present indicates, however, that other 
agents aside from “bile salts’’ as well as 
certain chemical factors also play an es- 
sential part in preventing gall-stones for- 
mation, and that further research is required 
to solve this complex problem (78, 79, 80). 

Absorption of Vitamins.-The evidence 
indicates that desoxycholic acid, not tauro- 
or glycocholic or dehydrocholic acid, is re- 
sponsible for the absorption of carotene (12). 

Irvin, Kopala and Johnston (81) found 
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that pure bile salts are capable of promoting 
the absorption of carotene by the isolated 
intestinal loops of dogs. Sodium desoxy- 
cholate was the most effective bile salt of 
those studied. In the presence of equal 
amounts of bile salts and lipids, however, 
much larger quantities of carotene are ab- 
sorbed. Greaves and Schmidt (82, 83, 84) 
report similar results with carotene, and 
with vitamin D in rats. The same authors 
(85) present evidence indicating that ad- 
ministration of desoxycholic acid increases 
the availability of vitamin E when given 
orally in the bile fistula rat. 

Many research workers report that ox bile 
salts and desoxycholic acid enhance the in- 
testinal absorption of vitamin K (2-methyl- 
1,4-naphthoquinone) in jaundiced patients. 
Desoxycholic acid appears to be about two 
or three times more active than ox bile 
salts and can be given in correspondingly 
smaller doses (86, 87, 88). 


THERAPEUTIC INDICATIONS 


The above review indicates that the indi- 
vidual bile acids differ distinctly in their 
toxicity and pharmacological action. The 
implications of this fact are of definite im- 
portance in defining their therapeutic indi- 
cations (12). As far as oral administration 
is concerned the difference in the toxicity of 
the various bile acids and their salts does not 
seem to be of great importance. On the 
other hand, only one bile salt, 7. e., sodium 
dehydrocholate, can safely be injected in- 
travenously. Although additional studies 
are required, one might at this stage offer 
the following broad differentiation in the 
therapeutic usefulness of these compounds: 

(a) Replacement Therapy with Choleretic 
Agents.—(Extract of Ox Bile U. S. P. XII 
and pure bile acids extracted from ox bile, 
desoxycholie acid.) The administration of 
these products causes a slight increase in 
the flow of a bile of high viscosity. There 
is an increase in the content of the various 
bile salts, but this is due to the bile salt or 
bile acid ingested and not to any stimulation 
of the liver to produce bile salts. Elimina- 
tion of cholesterol is augmented and excre- 
tion of bile pigments is not influenced. 
Choleretics given orally are generally cred- 
ited with a slight laxative action, with 
stimulating intestinal motility, with facili- 
tating the absorption of calcium and with 
enhancing the efficiency of the resinous 
hydragogue cathartics. They are useful in 
promoting the intestinal absorption of food 
fats and certain fat-soluble vitamins (caro- 
tene, vitamins D, E and K), when failure to 
absorb these substances is due to lack of bile 
in the intestine (89). 
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(6) Stimulation and Drainage Therapy 
with Hydrocholeretic Agents.—(Oxidized un- 
conjugated ox bile acids or chemically pure 
dehydrocholic acid.) These products stimu- 
late the liver to secrete a flow of “‘thin”’ liver 
bile of low viscosity, effecting a drainage of 
the intra- and extrahepatic bile ducts. Pure 
dehydrocholic acid may either be given by 
mouth or administered as its sodium salt 
intravenously. 

A large clinical literature supports the 
usefulness of chemically pure hydrocholeretic 
agents in the treatment of biliary tract 
diseases. 

Dehydrocholic acid given by mouth and 
sodium dehydrocholate administered intra- 
venously are of value to encourage drainage 
of the bile ducts by removal of mucus 
inspissated bile and debris, and to dis- 
courage the ascent of infection in these 
structures in cholecystitis, noncalculous 
cholangitis and other conditions involving 
biliary stasis not due to complete mechanical 
obstruction. The hydrocholeresis produced 
by these products is valuable in conjunction 
with an antispasmodic in the presence’ of 
spasm of the sphincter of Oddi. These 
products may be employed similarly to 


encourage maintenance of T-tube surgical 
drainage of an infected common duct and 
as an aid in the removal of small stones or 
foreign material overlooked at operation. 
They are proposed for the purpose of out- 
lining the bile ducts at operation and of 
accelerating the appearance of the gall- 
bladder shadow and hastening removal of 
residual tetraiodophenolphthalein from the 
biliary tract in cholecystography. Hydro- 
choleretics are contraindicated in complete 
mechanical biliary obstruction (89, 90, 91, 
92, 93, 94, 95). 


SUMMARY 


The last twenty years have brought us 
considerable progress in our understanding 
of the physiological and pharmacological 
actions of bile acids. Still, we have much 
to learn. Further advances in this field will 
no doubt go hand in hand with an enlarge- 
ment of our knowledge of liver function and 
liver chemistry and with improved analytical 
methods. The use of chemically pure 
products which have become available only 
recently should yield more uniform results 
than those of the crude products studied in 
the past. 
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The name of the first author cited in the list of 
references should read: ‘‘Magidson, O”’. 
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Further Studies on Cathartic Action in Mice: Senna, Aloe, 
Cascara and Bile Salts* 


By Lloyd W. Hazleton and Kathleen D. Talbert 


In a previous report Hazleton and Fortu- 
nato (1) described the application of Geiger’s 
method (2) to a study of the cathartic action 
of bile salts compound. This method is 
based on the fecal staining of filter paper 
and was found to give satisfactory results 
with bile salts compound, the threshold 
cathartic dose (T. C. D.) being approxi- 
mately 40 mg. per mouse. The investiga- 
tions reported here are based upon the same 
method, but cover a considerably enlarged 
scope of medicaments. The objectives were 
threefold: (a) to study the applicability of 
the method to other drugs and to determine 
the threshold cathartic dose of these drugs, 
(6) to determine whether tolerance to the 
cathartic action developed after prolonged 
daily administration of the various drugs, 
and (c) to identify the active principle(s) 
in bile salts compound. ; 

The drugs investigated' may be divided 
into two groups according to the type of ex- 
periments conducted. Tests for cathartic 
activity and tolerance were made on Fluid- 
extract of Senna, U. S. P., Extract of Aloe, 
N. F., Fluidextract of Cascara, U. S. P., 
bile salts compound and sodium desoxycho- 
late. Tests for cathartic activity only were 
made on sodium glycocholate, sodium tauro- 
cholate, sodium hyodesoxycholate, sodium 
dehydrocholate and sodium cholate. In a 
few cases single doses of combinations of the 
above drugs were administered. 


EXPERIMENTAL 


The method was essentially that previously de- 
scribed except that the interval of observation was 
increased from four hours to overnight. All doses 
were administered by stomach tube in one-half 
cubic centimeter volumes. For purposes of this 
report no distinction is made between sexes, although 
in general the female was found to be slightly more 
susceptible to the cathartic action. The animals 
were kept sex segregated in groups of ten, housed in 
wire cages with floors elevated above the droppings. 
Pellets of commercial mouse diet and water were 
given ad lib. In the chronic experiments “daily 
administration” implies six days per week. Cathar- 
tic doses were always given approximately 24 hours 
after the last daily dose. Suitable numbers of 


* Received from the Henry E. Kalusowski 
Memorial Laboratory, George Washington Uni- 
versity School of Pharmacy, Washingtoz, D. C. 

Acknowledgment is made of a grant from the 
Proprietary Association in support of this study. 

! The authors are indebted to Riedel de Haen, 
Inc., and to George A. Breon and Company for 
some of the drugs used in this study. 


control mice were kept under similar conditions. 

Fluidextract of Senna.—The fluidextract used in 
these experiments was the same sample used in 
the preliminary report on senna (1) after a period 
of about five months. A potency check on the 
1:15 dilution, Table I, indicates some decrease in 
potency (43 versus 58%), but at the time this was 
considered to be within experimental error, and this 
value was used as the T. C. D. Subsequent checks, 
however, revealed a marked decrease in potency, 
perhaps to the extent of 50% in one year. This 
apparent loss of potency in the fluidextract is being 
subjected to careful and detailed study which will be 
reported later. Results on senna given in the 
present report are, however, subject to this variable 
error and are therefore reliable in a negative sense 
only. 

Daily administration of one-half the T. C. D. 
(0.5 cc. of the 1:30 dilution) of the fluidextract was 
continued for a period of several months. During 
this interval the cathartic dose of the various drugs 
was administered, with at least one week lapsing 
between any two such tests. The results are sum- 
marized in Table IT. 

Extract of Aloe—A 5% alcoholic solution of 
Extract of Aloe was used in these experiments. The 
threshold cathartic dose was taken as 20 mg., Table 
I. The administration of aloe results in a rather 
highly pigmented urine and feces and the stools are 
not as fluid as following bile salts compound or 
senna. These factors may result in confusion in 
evaluating the positive actions and some practice 
is necessary to standardize the reading. 

Daily administration of 10 mg. was conducted as 
described above and the threshold cathartic dose of 
the various drugs was given at intervals. The re- 
sults are summarized in Table IT. 

Fluidextract of Cascara.—Administration of 0.5 
ce. of undiluted fluidextract of cascara to 23 mice 
caused definite symptoms of incoérdination in all 
the animals and catharsis in 48%. As a control to 
check this result a group of six mice were given (0.5 
ec. of 22% alcohol, and a similar degree of depression 
was observed. To avoid daily intoxication and 
development of alcohol tolerance, it seemed ad- 
visable to reduce the alcoholic content of the fluid- 
extract. 

Two samples of 100 cc. each were evaporated over 
a water bath, the first to 75% of its original weight, 
the second to 50%. The solutions were then made 
up to original volume, centrifuged, and an aliquot 
of the supernatant liquid assayed for alcohol by the 
general specific gravity method of the U. S. P. 
Evaporation to 75% of weight reduced the alcohol 
content to approximately 7.5% while evaporation 
to 50% of weight reduced the alcohol content to 
approximately 4.0%. Tests in small groups of 
mice with 0.5 cc. quantities of 2, 4, 6 and 8% 
alcohol. indicated that these levels could be admin- 
istered without obvious symptoms of depression. 
As a result of the above observations, the fluidex- 
tract of cascara used in the experiments was evapo- 
rated to 50-75% of its weight and made up to origi- 
nal volume with distilled water. The preparation 
was shaken to insure uniform suspension of any 
sediment in the original preparation, or which might 
have formed in the removal of the alcohol. 

The threshold cathartic dose (T. C. D.) of fluid- 
extract of cascara was determined to be approxi- 
mately 0.5 cc. of the undiluted, de-alcoholized 
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preparation, Table I. The positive results from 
cascara are not as distinct as those from bile salts or 
senna, but can be estimated with considerable cor- 
relation by various persons after some practice. 

Daily administration of one-half the cathartic 
dose (0.5 ce. of equal parts cascara and distilled 
water) was continued as for the other drugs and the 
results are summarized in Table II. 

Bile Salts Compound.—The preparation used was 
the same as that previously studied, containing salts 
of bile acids corresponding to approximately 42% 
of cholic acid. In agreement with previous work 
the threshold dose was 40 mg., Table I. The ex- 
perimental routine was as described above and the 
results are summarized in Table IT. 

Sodium Desoxycholate.—This bile salt, which is a 
constituent of human bile, was selected as repre- 


The volume of each dose is 0.5 cc. 
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TABLE I.—DETERMINATION OF THE APPROXIMATE THRESHOLD CATHARTIC DosE 
Each figure represents the mean for several tests. 
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cholate was therefore administered to the mice re- 
ceiving daily doses of some of the other drugs and the 
results are included in Table IT. 

In an attempt to associate the cathartic activity 
of the various bile salt preparations with their 
physical properties, the pH and surface tension of 
the solutions used for the 20-mg. dose level were 
determined. The pH was determined with a Cole- 
man electrometer and the surface tension by means 
of the Cenco-duNouy tensiometer at room tem- 
perature. Inspection of Table IV indicates that the 
PH of the sodium cholate solution is relatively high. 
To determine whether this might influence the 
activity, preparations of higher pH were made and 
administered with no difference in the response. 
Doses of tenth-normal sodium hydroxide alone, 
having a pH of above 13, did not induce catharsis 


Dose 
1 in 15 dilution* 
1 in 10 dilution 
1 in 7.5 dilution 
1 in 5 dilution 


Drug 

\ Fluidextract of senna 
Fluidextract of senna 
Fluidextract of senna 
Fluidextract of senna 


Extract of aloe 15 mg. 

Extract of aloe 20 mg.* 

Extract of aloe 30 mg. 

Extract of aloe 40 mg. 

Fluidextract of cascara Undiluted* 
\ Bile salts compound 40 mg.* 


Per cent 
Number of Mice Number Positive Positive 
86 18 21° 
15 3 20 
88 26 30 
23 19 83 
29 13 45 
93 50 53 
50 29 58 
26 20 77 
115 46 40 
73 33 46 


* Dose used as T. C. D 
+ Included in this value is the 43% mentioned in the text. 


or more tests. 


TABLE II.—SUMMARY OF RESULTS FOLLOWING ORAL ADMINISTRATION OF THE T. C. D. oF VARIOUS DruUGS 
FOLLOWING PROLONGED DAILY ADMINISTRATION OF ONE-HALF THE T. C. D. 


Each value, expressed in percentage of positive results, represents 15 to 75 mice and may be the mean of two 
The volume of each dose is 0.5 cc. 


Threshold Cathartic Dose 


Bile Salts Sodium 
Fluidextract Extract of Fluidextract of Compound, Cholate, 
Daily of Senna, lin 15 Aloe, 20 Mg. Cascara, Undiluted 40 Mg. 20 Mg. 
Control 20 53 40 46 51 
Fluidextract of senna 13 62 47 42 49 
Extract of aloe 23 62 50 32 55 
Fluidextract of cascara 21 43 50 38 + 
Bile salts compound 23 60 70 86 47 
: Sodium desoxycholate 55 50 40 60 


sentative of the bile salts. As indicated in Table 
III, doses up to the toxic level induced no appre- 
ciable catharsis in mice. Nevertheless, daily doses 
of 5 mg. per mouse were administered according t@ 
the above routine and the results are tabulated in 
Table II. 
! Other Bile Salts.—Following the failure of sodium 
desoxycholate to induce catharsis, other natural 
bile salts were tested for cathartic activity. Those 
| so tested were sodium glycocholate, sodium tauro- 
cholate, hyodesoxycholic acid and cholic acid. The 
acids were dissolved by the addition of sodium hy- 
droxide and the dosage is based on the acid weight. 
In addition to the above salts the synthetic sodium 
dehydrocholate was used. In each case the solu- 
} tions used were of such concentration that the 


selected dose was contained in 0.5 cc. of the solution. 

From the results summarized in Table III it may 
be noted that sodium cholate was the only salt 
which produced catharsis in a significant number 
of animals at nontoxic levels of dosage. 


Sodium 


or show toxicity. Further evidence that pH is not 
a factor in the response is the fact that no change 
in activity follows the addition of sodium hydroxide 
to increase the pH of the inactive salts. No rela- 
tionship between thasurface tension and the activity 
of the various salts could be observed. 

The assay method of U. S. P. XII for the cholic 
acid equivalent of extract of bile was used to deter- 
mine the equivalent for the various bile salts and for 
bile salts compound. The color intensity was com- 
pared photocolorimetrically with U. S. P. Refer- 
ence Standard Cholic Acid. Since desoxy-, hyo- 
desoxy- and dehydrocholic acids do not enter into 
the Gregory-Pascoe reaction the negative results 
from these salts serve only to indicate their freedom 
from the chromogenic acids. The results in Table 
IV are the average of two or more assays. 

Combined Doses.—Only two of the many possible 
combinations of the various drugs were investigated, 
and these may be very briefly summarized as follows: 
The addition of 5 mg. of sodium desoxycholate to 
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20 or 30 mg. of extract of aloe, in 29 and 20 mice, 
respectively, did not appreciably alter the results 
obtained from aloe alone, Table I. In 48 mice 
which received one-half the T. C. D. of fluidextract 
of cascara plus one-half T. C. D. of bile salts in a 
single dose, only 16% were positive. Since this 
result is much smaller than that from the full dose 
of either drug it appears that no summation of 
effect exists between the two. 


sponse to the vegetable drugs, indicating that 
the action is not one of a general nature. 
The apparent exception to this statement in 
the case of cascara is probably not signi- 
ficant in view of the type of responses which 
cascara gives. The prolonged daily ad- 
ministration of senna, aloe or cascara does 


TaB_e III.—Resutts FOLLOWING ORAL ADMINISTRATION OF VARIOUS BILE SALTS TO MICE 


The volume of each dose is 0.5cc. The percentage of positive results is based on survivors only. 


Drug Dose, Mg./ Mouse 
Sodium glycocholate 20 
Sodium glycocholate 25 
Sodium glycocholate 
Sodium taurocholate 20 
Sodium taurocholate 25 
Sodium taurocholate DD 
Sodium desoxycholate 0.5 
Sodium desoxycholate | 
Sodium desoxycholate 5 
Sodium desoxycholate 10 
Sodium desoxycholate 20 
Sodium desoxycholate 30 
Sodium desoxycholate 40 
Sodium hyodesoxycholate 20 
Sodium dehydrocholate 20) 
Sodium dehydrocholate 40 
Sodium cholate 20 
Sodium cholate 25 


TABLE IV.—OBSERVED PHYSICAL AND CHEMICAL 
PROPERTIES OF THE SOLUTIONS OF BILE SALTS USED 
FOR THE 20-Ma. Levet or Dosace (4%) 


Cholic 
Surface Acid 
Tension, Equiva- 
Drug PH Dynes/Cm. lent % 
Sodium glycocholate 6.30 42.4 51 
Sodium taurocholate 6.12 43.1 
Sodium desoxycholate 8.67 19.1 
Sodium hyodesoxycholate 11.8 506 
Sodium dehydrocholate 
Sodium cholate 10. 
Bile salts compound 7.07 3.4 i 
SUMMARY AND DISCUSSION 
Description and analysis of-the experi- 
ments on the vegetable drugs used in this 


study have been brief because three factors 
militate against their significance. The 
senna results are complicated by the slow but 
progressive deterioration of the fluidextract, 
and it is the opinion of the authors that the 
usefulness of the method is very definitely 
limited in the case of aloe and cascara. 
While these factors limit the advisability of 
minute inspection, several generalizations 
would seem justifiable. 

As previously reported, the daily ad- 
ministration of bile salts compound in- 
creases the response to the cathartic dose of 
this drug. There does not, however, appear 
to be a commensurate increase in the re- 


Number Number Per cent Number 
of Mice Positive Positive Dead 

19 l 5 0 
11 2 33 5 
29 2 10 
25 4 Iti 0 
18 3 IS l 
23 3 60 18 
14 0 0 
51 5 10 
39 2 5 
38 3 l 

5 0 0 2 

5 0 0 3 

5 0 0 4 
66 10 19 11 
28 4 14 0 
2 1 4 0 

175 85 51 

2H 19 73 l 


not significantly alter the response to the 
cathartic dose of these drugs, indicating that 
no observable tolerance or cross tolerance 
to their action is developed. Following the 
daily administration of these drugs, how- 
ever, there is a slight tendency toward a 
decrease in the response to the cathartic 
dose of bile salts compound. If this tend 
ency is significant it is the only evidence 
of tolerance following the daily administra 
tion of these drugs. 

Assigning to cholic acid the role of active 
cathartic principle in bile salts compound 
leads to several interesting considerations. 
Paramount of these is the fact that chemical 
analysis of the bile salts compound used 
shows it to be equivalent to 42% cholic 
acid. On this basis, the cathartic dose for 
this compound is equivalent to 17 mg. of 
cholic acid, whereas the cathartic dose of 
purified cholic acid was found to be approxi 
mately 20 mg. If, therefore, the assumption 
is made that the mouse is capable of convert 
ing to cholic acid all the furfural chromo- 
genic derivatives present in bile salts, this 
would account for the cathartic activity of 
the latter. This reaction excludes the de- 
soxy and triketo derivatives which are in- 
active, but includes the conjugated acids 
which by themselves are too toxic to induce 
catharsis, but may enter into the total action 
of the bile salts compound. 


| 
‘ 
‘ 
I 
1 
‘ 
( 
( 
( 
‘ 
I 
1 
1 
1 
( 
‘ 
1 
i 
‘ 
i 
‘ 
‘ 
‘ 
| 
{ 


Screntiric Epirion 173 


On the basis of cholic acid equivalent, 
doses of the conjugated acids (glycocholic 
and taurocholic) sufficiently large to cause 
catharsis cannot be given without severe 
toxicity. This is also true of the theoretical 
equivalents of desoxy- and hyodesoxycholic 
acids, since 20 mg. of these acids show defi- 
nite toxicity. On the other hand, relatively 
large doses of the triketo acid (dehydro) 
can be given without catharsis or toxicity. 
It may thus be seen that no general correla- 
tion can be drawn between the cholic acid 
equivalent and the cathartic activity. The 
various bile salts are choleretic in nontoxic 
doses, producing either an increased volume 
of bile or increased total solids, or both. 
These observations are presented as evi- 
dence that the choleretic and cathartic 
actions are unrelated and that choleresis is 
not the mechanism by which cholic acid and 
bile salts compound induce catharsis in 
mice. 

Reference to Table IV and to the litera- 
ture indicates that solutions of dehydro- 
cholic acid have a relatively high surface 
tension in comparison with solutions of the 
other acids. It has been shown by various 
authors (3) that the surface activity of bile 
acids is related to the toxicity rather than 
to the cheleretic activity. The experiments 
described above indicate that surface activ- 
ity is not related to cathartic activity, while 
substantiating its relation to toxicity. The 
low surface tension and mild toxicity of the 
bile salts compound solutions appear to be 
an exception to the generalization on tox- 
icity. 

An analysis of the various aspects of these 
experiments focuses attention on the role of 
cholic acid, the much-neglected parent 
compound of the bile acids, in the cathartic 
activity of bile and the numerous extracts of 
bile. In this respect it appears that cholic 
acid is the active compound and that the 
various derivatives are the detoxification 
products thereof. This view is substantiated 
by the work of Brakefield and Schmidt (4) 
who found that the conjugated taurocholic 
acid was excreted as such when fed to bile 
fistula dogs. When cholic acid was fed 
however, the output of taurocholic acid de- 
creased, presumably in proportion to the 
supply of available taurine, for when taurine 
was made available the output of tauro- 
cholic acid increased. Horrall (3) in review- 
ing this work points out that what becomes 
of the cholic acid when there is no output 
is undetermined, but it is known that toxic 
symptoms rapidly develop and eventually 
result in death. 

While no clinical analogies may be drawn 
from these experiments, it is significant that 


cholic acid has received very little clinical 
attention in recent years and that clinicians 
tend to discount the value of other orally 
administered purified bile salts as cathartics, 
while agreeing that whole bile or its extracts 
do have cathartic properties. When the 
absence of cathartic activity in the deriva- 
tive acids is correlated with the cathartic 
activity of cholic acid, and the content of 
cholic acid equivalent in the extracts, this 
distinction coincides remarkably well with 
the results observed in mice under con- 
trolled conditions. 


CONCLUSIONS 


1. A method for evaluating cathartic 
activity in mice, based on the fecal staining 
of filter paper, was found to be relatively 
unsatisfactory in the case of extract of aloe 
and fluidextract of cascara. 

2. A slow but progressive deterioration 
of the cathartic potency of fluidextract of 
senna was observed. 

3. Within the above limitations no 
tolerance or cross tolerance to the cathartic 
dose of fluidextract of senna, extract of 
aloe or fluidextract of cascara could be ob- 
served following prolonged daily oral ad- 
ministration of one-half the cathartic dose 
of these drugs and bile salts compound to 
mice. The response to the cathartic dose 
of bile salts compound tended to be de- 
creased by the vegetable drugs and mark- 
edly increased by bile salts compound. 

4. Cholic acid, in the form of its sodium 
salt, was the only one of several orally ad- 
ministered bile salts which induced catharsis 
following nontoxic doses in mice. The 
threshold cathartic dose was approximately 
20 mg. per mouse. 

5. Nocorrelation between surface activity 
and cathartic action could be established. 

6. Evidence is presented that choleretic 
activity and cathartic activity of the bile 
salts are not related. 

7. The cholic acid equivalent of bile 
salts compound, measured by the Gregory 
Pascoe reaction, would account for the 
cathartic action of this compound, and the 
relation of this observation to clinical ex- 
perience is discussed. 
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Effects of Age, Sex, Castration and Interval of Time 


after 


Parturition upon the Ability of the Albino Rat to Build 
Up Tolerance to and to Detoxify Pentobarbital Sodium*+t 


By Harald G. 0. Holck and Donald R. Mathieson 


In previous publications upon pentobarbi- 
tal we have reported (1, 2) that: (A) The 
resistance to this drug was higher in young 
unmated rats of either sex than in similar 
older rats; (B) adult male rats were more 
resistant to increasing doses than were adult 
females; (C) castration! owered the resis- 
tance of the adult male rats to such medica- 
tion, but not to the level of the virgin 
females; (D) pregnant or recently pregnant 
females developed tolerance much more fre- 
quently than did adult unmated females. 
In the present experiments, published previ- 
ously in abstract and in thesis form (3), we 
attempt: (a) to verify the findings in B 
and C above; (b) to see how long after 
parturition the increased higher resistance 
persists; (c) to observe the effect, if any, of 
spaying of young female rats; and (d) ‘to 
study the age factor in more detail. 


EXPERIMENTAL 


Our albino rats were originally bred from Wistar 
stock and were kept in quarters which were main- 
tained at about 25° C. The diet consisted of 
Purina Dog Chow and water. During the pento- 
barbital injections each rat was kept alone at 
approximately 27° C. The method used for study- 
ing tolerance was that of Holck and Fink (1); each 
rat is first given a small dose of pentobarbital sodium 
and every ninety minutes thereafter the dose is in- 
creased by a small percentage, here 3.22%, until each 
rat hasdied. One can then compare the percentages 
of rats which develop tolerance and determine quite 
closely the highest dose each tolerant rat can de- 
toxify in ninety minutes. Food was always avail- 
able to each rat, but the only liquid furnished was 
that contained in the injections. Control experi- 
ments with 82 injections of saline solution alone 
have been described elsewhere (2); with the dosages 
of saline solution used here no rat died acutely or 
late, though at that high level some subcutaneous 
edema was present. A one-month-old rat recovered 
promptly and permanently after 80 doses of the 
barbiturate (4450 mg./Kg. in 5.0 days). Inci- 
dentally, no unmated adult normal rat or castrated 
male survived more than 65 doses (2526 mg./Kg. in 
4 days), whereas about one-third of the two-month- 
old normal male rats and one-fourth of the spayed 
females of that age survived 80 doses or more and 


* Received July 12, 1943, from the Department of 
Physiology and Pharmacology, College of Pharmacy, 
University of Nebraska, Lincoln, Neb. 

Presented to the Scientific Section of the A. Pu. A., 
Denver meeting, 1942. 

t This project was aided by a grant from the 
Committee of Therapeutic Research, Council on 
Pharmacy and Chemistry, American Medical Asso- 
ciation. We are indebted to Eli Lilly and Company 
for the Pentobarbital Sodium. 


about 60° of the one-month-old rats survived such 
dosage; only one of these latter died after less than 
70 doses (3133 mg./Kg.). The absolute maximum 
number of doses was 88 (5864 mg./Kg.) for a one- 
month-old male and 91 (6511 mg./Kg. in 5.7 days) 
for a female rat of the same age. Fresh portions 
of a 1% solution of pentobarbital sodium (3032 x 
947503, Lilly) in distilled water were prepared 35 
times during the experiment which extended over 
fifteen days and nights. Ten sites of subcutaneous 
injection were used in rotation. Castrations of both 
sexes were performed under ether anesthesia; the 
completeness of the ovariectomies were checked two 
weeks afterward by means of the vaginal smear test. 


RESULTS 


Our results are summarized in Table I. 
may be subdivided as follows: 

(A) Age.—The one-month-old rats of both sexes 
were most, those two months old less, and fully adult 
rats least resistant to pentobarbital. This was 
especially noticeable in the females; here one-and 
two-month-old rats practically all developed toler- 
ance against only about one-fourth of the adults; 
also, the average maximum dose detoxified in ninety 
minutes by tolerant females falls distinctly as we go 
from one age group to the next higher (average 
maxima were 143, 77 and 57 mg./Kg., respectively). 
In case of the males all rats in the three age groups 
developed tolerance; however, again there was a 
distinct downward trend in the ability of tolerant 
male rats to detoxify pentobarbital as age advanced 
(average maxima: 135, 114 and 57 mg./Kg., re- 
spectively, for the three age groups) 

(B) Sex-difference.—Adult female rats were much 
less able to develop tolerance than adult males; only 
27% of the females developed tolerance against 
100% of the males; hence the average female fatal 
dose was 39°% of that of the male. However, hada 
female developed tolerance it could detoxify pento- 
barbital as well as could a tolerant male. In two- 
month-old rats the sex-difference was absent in re- 
gard to developing tolerance (females, 95°); males, 
100%). However, the ability to detoxify pento- 
barbital by tolerant females was distinctly less than 
in the males (average maxima per ninety minutes: 
females, 77 mg./Kg.; males, 114 mg./Kg., a highly 
significant difference). In one-month4old rats the 
sex-difference was absent. All developed tolerance 
and the average maxima detoxified were nearly alike 
(males, 135 mg./Kg.; females, 143 mg./Kg., not a 
significant difference). 

(C) Effects of Castration—Castration of adult 
male rats lowered the ability to develop tolerance, 
but tolerant castrates detoxified pentobarbital as 
well as did the normals. The effect of castration 
was somewhat less marked than in a previous test 
(2); however, the males in that experiment were 6 to 
9, in these studies only four and one-half to six and 
one-half months old. Castration of two-month-old 
males, carried out three weeks prior to pentobarbital 
medication, had no significant influence upon the 
ability to develop tolerance or ability of tolerant rats 
to detoxify pentobarbital. On the other hand, 
similarly timed spaying of two-month-old female 
rats produced evidence of increased resistance. 
Although the ability to develop tolerance was prac- 
tically identical in the two sets of rats, the tolerant 
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spayed young females detoxified distinctly more 
pentobarbital in ninety minutes than did the normals 
(average maxima: 97 mg./Kg., versus 77 mg./Kg.). 

(D) Duration of Increased Tolerance after Par- 
turition.—The increased tolerance which developed 
during pregnancy (1) again persisted during the 
period of lactation (90% developed tolerance three 
and one-half weeks after parturition), but had nearly 
disappeared eight weeks after parturition (40% only 
developed tolerance, approaching the 27% in the 
virgin females). However, as in case of normal 
adult male castrates, so alsonormal adult unmated 
females or those having been pregnant and develop- 
ing tolerance detoxified pentobarbital as well as did 
normal adult male rats. 


TABLE I. 
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Stanton with daily injections of a uniform 
dose of pentobarbital over several weeks 
(7), using the struggle response as criterion; 
but, as in his tests and those of Moir (6), the 
duration of the somnifacient action was 
markedly shortened in rats that developed 
tolerance, just as occurred in our studies. 
The increased susceptibility of castrated 
male rats to pentobarbital sodium is con- 
sistent with the lengthened hypnosis with 
single doses of pentobarbital sodium, evipal, 
pernoston and amytal following such castra- 


—SUMMARY OF EXPERIMENTS UPON THE EFFECTS OF AGE, SEX, CASTRATION AND INTERVAL 


or TIME AFTER PARTURITION UPON THE ABILITY OF THE Wutte Rat To Bur_Lp UP TOLERANCE TO AND TO 
DerToxiry SopIUM PENTOBARBITAL® 


Average 
Total 
% Fatal 
No. of Developing Dose, 
Groups Rats Tolerance Mg./Kg. 
MALES 
1. Adult 21 100 1947 
2. Castrated, 26 73 1462 
adult 
3. Two months 20 100 3907 
old 
4. Castrated, 20 95 3217 
two months 
old 
5. One month 17 100 4465 
old 
FEMALES 
6. Adult 27 27 712 
7. Parturition 25 40 830 
8 weeks be- 
fore 
8. Parturition 20 90 1865 
weeks be- 
fore 
9. Twomonths 20 95 2507 
old 
10. Spayed, two 20 100 3445 
months old 
11. One month 19 100 4726 
old 


Tolerant Rats Only ~ 
Average 


Average Maximum 
Total Dose De- 
Fatal toxified 
No. of Dose, in 90 Min., Standard Critical 
Rats Mg./Kg. Mg./Kg. Error Ratio 
21 1947 57 
19 1953 59 
20 3907 114 5.9 2.6 (3 
vs. 5) 
19 3365 102 
17 4465 135 5.6 
8 1835 57 
10 1919 59 
18 2062 64 
19 2635 77 3.8 3.2 (9 
vs. 10) 
20 3445 97 4.9 
19 4726 143 


a The drug was administered subcutaneously as a 1% solution; starting with 11.7 mg./Kg. of body weight, the dose was 
increased by 3.22% every ninety minutes, and thus continued until each rat had died. The adult rats were from four and 


one-half to six and one-half months old. 


DISCUSSION 


Our results support those investigators 
who have reported a sex-difference to pento- 
barbital sodium in the rat (1, 2, 4, 5, 6), but 
contrast with two reports disclaiming any 
such difference (8, 9). It should be noted 
that the present technique exaggerates any 
existing sex-difference, so that by properly 
adjusted dosage one may kill nearly all of 
the adult females selectively with a rather 
small number of doses. Our method also 
clearly shows that tolerance to pentobarbital 
is readily built up in adult male rats and 
young rats of either sex, in contrast to the 
moderate degree of tolerance reported by 


tion (1, 6, 8, 10), and to the decreased re- 
sistance to red squill (11). The somewhat 
increased resistance following spaying con- 
trasts with the finding that this operation 
did not influence the depression time of 
females given evipal (4), or the susceptibility 
to red squill (11); but it agrees with the 
recent report by Kinsey (10) that spaying 
increased the resistance to pentobarbital. 
The following trends have just been re- 
ported for mice; castrated, unmated males 
showed a decrease, and spayed, unmated 
females an increase in their ability to store 
arsenic (12). Absence of sex-difference in 
very young rats agrees with such absence in 
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three- to four-week-old rats given single 
doses of evipal or pentobarbital. However, 
when evipal was given at intervals of two 
weeks, the very young males recovered more 
slowly than the adults (4), whereas here, 
when tolerance is allowed to develop to 
pentobarbital, the baby rats were much 
more resistant to pentobarbital than the 
adult males. The higher resistance of very 
young female rats to pentobarbital agrees 
with previous results that such rats recov- 
ered faster from evipal than adult females 
(4). The higher resistance during the 
period of lactation confirms previous findings 
(1) and the present study shows that this 
change is not permanent, but has almost 
disappeared two months after parturition. 
Such influence of pregnancy also has been 
reported for the thyroid and thyroxin in the 
rat (13). 

Space does not permit an extensive discus- 
sion of the highly variable and puzzling 
differences in the influence of the above fac- 
tors upon the response of the rat to various 
substances; however, we have recently re- 
viewed this field (14), and also reported upon 
the influence of the two sex hormones upon 
various barbiturate responses (2, 4). 


SUMMARY 


In this study each albino rat was first given 
11.7 mg./Kg. of pentobarbital sodium and 
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this dose was increased by 3.22% every 
ninety minutes until each rat had died. As 
to age, the one- and two-month-old rats 
practically all developed tolerance; so did 
the male adults in contrast to only one- 
fourth of the females. In both sexes there 
was a distinct decrease in the maximum 
amount detoxified in ninety minutes by 
pentobarbital-tolerant rats as they became 
mature. In regard to sex, as stated, adult 
males developed tolerance much more read- 
ily than similar females; however, adult and 
one-month-old tolerant females detoxified 
pentobarbital as well as did similar males; 
but tolerant two-month-old males detoxified 
pentobarbital to a higher extent than did 
such females. Castration lowered the abil- 
ity of adult male rats to develop tolerance, 
but did not do so in the two-month-old 
males with the present dosage. In either 
case, the castrates which had developed 
tolerance detoxified pentobarbital as effi 
ciently as did the normal males. Spaying of 
two-month-old females increased the ability 
to detoxify pentobarbital once tolerance had 
developed. Regarding pregnancy, the in- 
creased ability to develop tolerance persisted 
during the period of lactation, but had 
nearly disappeared eight weeks after parturi- 
tion. Once tolerance had developed, all 
these females detoxified pentobarbital to the 
same extent as did normal adult male rats. 
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WHO MAKES IT? 


The National Registry of Rare Chemicals, 


Armour Research Foundation, 33rd, Federal and 


Dearborn Streets, Chicago, IIl., seeks information on sources of supply for the following chemicals: 


Tetrahydrocholidonic acid or any ester 

Guanine, adenine, thymine and cytosine desoxy 
riboside 

Thymine and cytosine desoxyriboside phosphoric 
esters 

Thiazole 

Sodium perborate monohydrate 

Sodium quinizarin 2,6-disulfonate 

Sphacelenic acid 


Kynurenic acid 

Xanthurenic acid 

Coniferyl alcohol 

Ethyl malonamate 

!-Tartaric acid 
2-Mercapto-5-sulfo-1,3,4-thiadiazole (10 Gm.) 
Phloridzin 

Reductic acid 
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SCIENTIFIC [Eprrion 
Pharmacological Studies. I. Aletris Farinosa* 


By C. L. Butler and C. H. Costello 


The present report concerns the study of _ injected into the blood stream. This procedure was 
the activity of Aletris farinosa upon the found to be of sufficient importance to warrant its 


incorporation as a matter of routine. By omission 
isolated and the im vivo uterine tissue of of this detail results may become inconsistent owing 


various species. The investigation of this to the sensitivity of tissue to excessive acidity or 

herbal drug was the result of observations alkalinity (6). — 

made during the experimentation conducted ?Marmacological Methods. Isolated Uterus.—The 
ith Viburnum opulus by one of us (1) and nue used by prerrenes Set sete od this work and 

wi . op we Ww recently proposed (7) for the bioassay of uterine 

reported earlier in this journal. sedatives, was the isolated uterus of the rat. The 
Aletris farinosa L., also called Stargrass, weight of the animals used varied between 120 and 

True Unicorn Root, etc., and official in N. F. 300 Gm. Experiments upon the isolated organs of 


: = “aay the guinea pig, the rabbit and the cat were also 
VII, is a perennial herb indigenous to the made. As a rule animals in estrus or in a state of 


eastern section of the United States. The pregnancy were not used. 
parts used, most commonly prepared as the Experiments on the isolated tissues were carried 
elixir or the fluidextract, are the dried rhiz- according to the Magnus method as described by 
amd sects of the alent Burn (8). The apparatus used was of the general 
ome and roots ep : type and consisted of a constant temperature bath, 
It has often been recommended and used automatically maintained at 37.5° C., containing a 
in the past in cases of uterine irregularities, | muscle chamber of 100 cc. capacity in which a horn 
but its empirical importance is somewhat 0° @ Strip of the uterus, freed from its mesenteric 


adherences, was immersed. Oxygenation of the 
obscure because of the confusion that once  jiccue was assured by using a tank of oxygen 


existed in its identification. Despite the — equipped with a valve which permitted a regular and 
fact that the plants do not resemble each constant flow of gas to bubble through the nutrient 


other except in the habit of growth, Chamae- solution. The nutrient solution was of the following 
P composition (9): 
lirium luteum (Helonias) was frequently sub- 


stituted for Aletris farinosa and vice versa. NaCl (reagent)... .. 9.0 Gm. 
Consequently the properties attributed to KCI (reagent). . 0.42Gm. 
both of these drugs were interchangeable. CaCl; (reagent) (anhydrous)...... 0.24Gm. 

Comparatively little is known of its 1 0.5 Gm. 
chemistry but recently Marker, Turner, et 1000.0 ce. 
al. (2), obtained a_ steroidal sapogenin ‘Ss ais 
(Diosgenin) from the roots of Aletris. No It was found that the addition or omission of 2.5 


. . ae . magnesi -hloride to this formula makes li 
evidence of any active principle of truly Giffcrenee in the response of the isolated organ and 
yeepeyd i alkaloidal nature could be accordingly it was omitted in this series of experi- 
ound 1n the literature. ments. 

The reported research upon the pharmaco- in U wo Methods.—ZIn vivo studies were based upon 
action of the drum is modifications of the Barbour method (10). Rabbits 
eC. and cats were used as experimental animals. Rab- 
Rusby, Bliss and Ballard (3) state that there bits were anesthetized with urethane (2 Gm. per 


is some evidence of its uterine “‘tonic’’ Kg.) or paraldehyde (1.8cc. per Kg.) given by means 
activity although they fail to give references. f @ stomach tube. Cats were anesthetized with 
Macht (4) showed that this drug lessened the _ (35-45 mg. per Kg.) given intraperitone- 
amplitude of the contractions of the isolated Blood pressure was recorded from the carotid 
guinea-pig uterus and Pilcher (5) who also artery with either a mercury or membrane manom- 


studied its action upon the same tissue re- ¢ter-_In order to the in 
. . the arterial cannula, a solution of sodium carbonate 
ported a slight depressant action after 


1/6 was slowly infused into the same carotid artery 


Aletris. from which the blood pressure was being recorded. 
By this continuous infusion the sodium carbonate 
EXPERIMENTAL was thoroughly mixed with the blood thereby pre- 

venting its coagulation (11). 

Preparation cf Fluidextracts—The material used Respiration was usually recorded by means of a 
for the preparation of extracts was identified as the Marey tambour attached to a tracheal cannula. 
rhizome and roots of Aletris farinosa, Linné, by Dr. The pleural cannula inserted into the thoracic cavity 
H. W. Youngken of the Massachusetts College of | between the fourth and fifth right intercostal spaces 
Pharmacy. was sometimes used. : vee 

Fluidextracts were prepared by the general U. S. In arranging the uterus for recording, a small inci- 
P. methods. The preparations used in experi- siow is made along the median line of the abdomen 


mentation were first dealcoholized and buffered to and one horn of the uterus exposed. A stitch is 
pH 7.5 before being placed in contact with organs or taken at the posterior end of the exposed horn and is 
attached to a device which is brought into position 

and acts as a stationary or fixed point. Another 

* Received Dec. 2, 1943, from the Research Labo- stitch is taken about oue-half to one inch anterior to 
ratories of the Lydia E. Pinkham Medicine Com- _ the fixed poiut and is attached by a fine thread over 
pany, I.ynn, Mass pulleys to a lever which records uterine movement 
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on a kymograph. This method of uterine attach- 
ment has the advantages that no dissection of the 
uterus is necessary, the contents of the abdomen are 
not disturbed and the organ receives its normal 
blood supply. Normal body temperature is assured 
by using an electrically controlled heating unit built 
into the operating table. Pledgets of cotton mois- 
tened with normal saline solution are placed around 
the exposed horn of the uterus and a covering cham- 
ber of celluloid which functions as a moist chamber 
is placed over the exposed organ to prevent dehydra- 
tion. 

Drugs were administered intravenously via the 
cannulated femoral or jugular vein connected with a 
burette filled with normal saline solution. The 
drug was injected into the rubber tube connecting 
the cannula to the burette, and was forced into the 
blood stream with a small amount of normal saline. 

In using the cat for in vivo experimentation it 
was sometimes advantageous to eviscerate the 
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the Isolated Uterus of the Rat.—The depressant effect 
of Aletris on the isolated uterus of the rat just de- 
scribed causes a decrease in the response of that 
organ to the oxytocic principle of the posterior lobe 
of the pituitary gland (pitocin). When a spontane- 
ously active horn of rat uterus is subjected to the 
action of Aletris before or after a dilution of pitocin 
has been given, a depressant effect is exerted that 
depends upon the concentration of Aletris used, and 
also upon the time of exposure of the organ to this 
drug. Two series of experiments were conducted in 
which the action of pitocin and Aletris was studied. 

Series A.—In this series the effect of pitocin on 
the uterus under the initial effect of Aletris was 
observed. After a series of normal contractions had 
been recorded, a concentration of the dealcoholized 
and buffered fluidextract of Aletris was added to the 
chamber. The action of Aletris was invariably that 
of gradual sedation. At a point during this action a 
concentration of pitocin would be given and the 


Fig. 1.—The effect of Aletris upon the isolated rat uterus. 


animal since the uterus of the cat usually was not 
found to be as freely accessible in the abdominal 
cavity as that of the rabbit. After evisceration, 
since the circulation of the liver is cut off by tying 
the celiac trunk, the only organs in the abdominal 
cavity receiving a blood supply are the kidneys, the 
suprarenal glands and the uterus. The organs re- 
moved from the animals are the stomach, the intes- 
tine, the spleen and the pancreas. An apparatus for 
giving artificial respiration was used when the 
nature of the experiment required it. 


RESULTS 


Isolated Uterus of the Rat.—After having estab- 
lished that the dealcoholized and buffered fluid- 
extract of Aletris exerted a depressant action upon 
the isolated rat uterus, experiments were conducted 
to determine the minimum effective concentration. 
This was found to be a concentration of 1:5000. In 
three out of four of the experiments conducted using 
this concentration a manifest depression of the 
organ was observed. Concentrations of 1: 1000 
produced a diminution of activity in all cases. This 
was shown by a decrease in amplitude, or in the 
rate of contractions, or a lowering of tone, or of all 
three. In some experiments concentrations of 
1: 1000 produced almost total inhibition of activity 

Figure 1 shows the effect of the concentration of 
1:5000. The addition of the fluidextract of Aletris 
farinosa (at 1) was followed by a gradual decrease in 
tone. After thirty minutes, the activity of the 
organ was almost completely inhibited. Upon 
washing (at 2) the tissue recovered its normal 
activity. 

In order to study the duration of the effect, experi- 
ments were made using a very slowly moving drum. 
A dilution of 1:1000 of the fluidextract of Aletris 
gradually brought about the complete inhibition of 
actively contracting tissue in approximately two 
hours. Greater concentrations brought about the 
same inhibition but in a much shorter period of time. 
The action was reversible in all cases. 

The Effect of Aletris on the Action of Pitocin upon 


result observed. The tissue was then washed and 
the same dose of pitocin added to the chamber. It 
was then possible to study the comparative result of 
pitocin acting against Aletris with a control of pito- 
cin acting alone. This procedure was modified at 
times by the addition of pitocin and a recording of 
control actions before the tissue was subjected to 
Aletris. In such experiments control pitocin actions 
were also made after the addition of Aletris and a 
washing. 

Figure 2 (a) shows this action. At / a concentra- 
tion of 0.2 cc. of Aletris was given and a decrease in 
the amplitude of contractions occurred. At 2, 0.3 
unit of pitocin was allowed to act. After washing at 
3 and allowing the tissue to normalize, the same con- 
centration of pitocin was given at 4 and the action 
observed. It will be seen that the response of the 
uterus under the influence of Aletris is much less 
than the response of the uterus to the control con- 
centration of pitocin. 

Series B.—In this series the effect of Aletris on the 
uterus under the initial effect of pitocin was studied. 
The procedure was as follows: Usually two control 
pitocin actions were first recorded; the same con- 
centration of pitocin would then be given, and 
shortly after, a concentration of Aletris would be 
added to the chamber. Another control pitocin 
dose would be given after washing to determine 
whether the action was one of sedation or of muscle 
fatigue. 

Figure 2 (>) isan example of thisaction. At J and 
3, 0.2 units of pitocin were given as controls. The 
tissue was washed at 2 and 4. At 5 the same con- 
centration of pitocin as in the controls was added to 
the chamber and at 6, two minutes after the pitocin 
was given, 0.2 cc. of Aletris was allowed to act on the 
stimulated uterus. At 7 the tissue was washed and 
at 8 another control dose of pitocin was given. It 
can be seen that the action of Aletris upon the uterus 
under the influence of pitocin is one of sedation. 

In the 26 experiments comprising the two series 
that were conducted in order to study the antago- 
nistic effect of Aletris and pitocin it was seen that 
different uteri responded to the same concentrations 
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of pitocin with varying degrees of stimulation. Aletris on the isolated uterus of the guinea pig was 
However, we found that a dose of 0.3 unit of pitocin inconsistent. Furthermore, the uterus of the guinea 
usually produced a de ‘gree of stimulation adequate pig proved to be much less sensitive to Aletris than 
for purposes of comparison. The effect of this dose the uterus of the rat. It was found, despite some 
of pitocin was always materially reduced by a dose few evidences of inhibition, that the majority of 
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Fig. 2(a).—The effect of pitocin on the isolated rat under the influence of Aletris. 


Fig. 2(b).—-The effect of Aletris on the isolated uterus under the influence of pitocin. 


of 0.2 ce. of the fluidextract of Aletris. The minimal experiments showed either slight stimulation or no 
dilution of Aletris that was effective against the effect. In every case the dilutions causing sedation 


stimulating action of pitocin was 1:1000, i. e., 0.1 or stimulation’ were comparatively large, i. e., 
ce. of the fluidextract of Aletris in the 100 cc. of 1:200 to 1: 100. 
fluid contained in the muscle chamber. In using strips from the isolated uterus of the 


Isolated Uterus of Other Species —The effect of rabbit the results were still inconsistent. Twenty- 
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two experiments using dilutions of 1: 1000 to 1: 100 
were made. In 12 experiments no apparent action 
took place. In five cases, stimulation of uterine 
activity was observed, but it was noted in three 
instances that this stimulation was followed by 
inhibition of activity. In five experiments varying 
degrees of sedation occurred. The production of 
sedation or stimulation bore no definite relation to 
the concentrations used. 

Figures 3 and 4 show these two different effects. 
In Fig. 3 a concentration of 1: 500 of the fluidextract 
of Aletris given at / resulted in an immediate rise in 
tone and an increase in rate. This action lasted for 
thirty minutes. Upon washing a partial recupera 
tion of normal activity took place. In Fig. 4 a dilu 
tion of 1:750 of the fluidextract given at / resulted 
im a definite inhibition of uterine activity. The 
action was reversible. 
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slight sedation as compared to the activity before the 
dose was noted. 

In five experiments definite sedation of uterine 
activity took place. In this series, doses of 3 cc. 
usually resulted in complete inhibition of uterine 
activity for periods of ten to fifteen minutes. 
Figure 6 is an example of this action. An injection 
of 3 cc. of the fluidextract of Aletris was made 
through the jugular vein (at 7). Complete inhibi- 
tion took place three minutes after the dose was 
given and lasted for about ten minutes before any 
activity returned. . 

Uterus In Vivo of the Cat.—The inconsistency of 
our results in using the rabbit led us to study the 
effect of Aletris upon the in vivo uterus of the cat. 
Certain recent investigations upon the depressant 
uterine effect of the leaves of Rubus idaeus (12) have 
been conducted on the cat, preference being given to 


Fig. 3.—Stimulation of isolated rabbit uterus by Aletris. 


Fig_4. 


Uterus In Vivo of the Rabbit—As a matter of 
routine, simultaneous records of blood pressure and 
respiration were taken as the recordings of uterine 
movement were made. Doses of | cc. to3 cc. of the 
buffered and dealcoholized fluidextract of Aletris 
given intravenously were used. 

The results in using the in vive rabbit uterus were 
as inconsistent as the experiments made using the 
isolated uterus of the same species. 

In eight experiments a stimulation of activity in 
comparison to normal behavior was observed 
Figure 5 is an example of this effect; 3 cc. of the 
fluidextract of Aletris were injected into the jugular 
vein (at J) and a rise in tone and an increase in 
amplitude resulted. The effect of the injection upon 
blood pressure was not significant but respiratory 
activity increased somewhat during and after the 
injection. 

In six experiments slight stimulation followed by 


Sedation of isolatec 


1 rabbit uterus by Aletris 


this animal over the rabbit in studies of this nature. 
Three series of experiments on the action of Aletris 
on the uterus of the cat were performed. 

Series A: The Effect of Aletris on the Uterus of the 
Cat under Nembutal Anesthesia —Doses of 2 and 3 
cc. of the dealcoholized and buffered fluidextract 
were administered intravenously via the femoral 
vein. Simultaneous tracings of the movements of 
one horn of the uterus, of the blood pressure and of 
the respiration were made 

Results from the 17 experiments of this series are 
as follows: In seven experiments definite depression 
either in the tone or in the activity of the uterus 
followed the administration of the dose. The effect 
is illustrated in Fig. 7 

In this particular experiment the anesthesia was 
light. This probably accounts for the slight irregu- 
larities of blood pressure and respiration observed in 
the tracing. At J a dose of 3 cc. of the dealcoholized 
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Fig. 5.—Stimulation of in vivo rabbit uterus by Aletris. 


Fig. 6.—-Sedation of in vivo rabbit uterus by Aletris. 


‘Cart 1097 


Fig. 7.—The effect of Aletris upon the anesthetized cat. 
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and buffered fluidextract of Aletris injected into the 
femoral vein was followed by a pronounced de- 
crease in uterine activity lasting over forty minutes. 
The most intense degree of depression lasted for 
about ten minutes and after this period the uterus 
progressively recovered its normal activity. 

In the remaining experiments of this series the 
effect of Aletris upon the uterus was either slight 
stimulation, slight sedation or negligible. In the 
majority of these experiments the uterine tissue ex- 
hibited so little spontaneous activity that interpreta- 
tion was difficult. 


In all experiments conducted’ 


Figure 8 illustrates this effect. At / the intraven- 
ous injection of 2 cc. of the drug resulted in an 
initial decrease in tone and amplitude with a de- 
crease in rate after about eight minutes. A dose of 
3 ce. given at 2 emphasized the sedative effect but 
had no apparent action on the tone. Normal uter- 
ine activity returned about fifteen minutes following 
the dose. 

Series C: The Effect of Aletris Upon the Cat with 
Induced Estrus and Suprarenal Glands Tied Off —It 
was noted in the experimentation of the previous 
two series that the drug exerted a more definite 


Fig. 8 


The effect of Aletris upon the decer_ brated cat. 


Fig. 9.—The effect of Aletris upon the cat in which estrus was artificially induced and suprarenal glands 
tied off. 


with this drug an initial decrease in blood pressure of 
from 20 to 40 mm. Hg was observed following injec- 
tion of the drug. 

Series B: The Effect of Aletris on the Uterus of the 
Decerebrated Cat.—The experiments comprising 
Series B and Series C were made to determine, if 
possible, the site of action of the drug. Cats were 
prepared by destroying the brain under ether 
anesthesia. 

In all of the five experiments made using this 
technique, depression of uterine action, or decrease 
in tone, or both, followed the injection of the drug. 
Doses of 2 and 3 cc. of the dealcoholized and buffered 
fluidextract of Aletris were given. Simultaneous 
records of uterine activity and blood pressure were 
made during the experiments in this series. 


effect on actively contracting uterine tissue. Since 
such activity suggested a condition of estrus, experi- 
ments were made in which estrus was artificially 
induced in the test animals. This condition was 
brought about by the intraperitoneal injection of 1.5 
to 2.0 mg. of Estradiol Dipropionate (in oil) about 
four to five days before the experiment was con- 
ducted. 

Despite the fact that blood pressure was usually 
decreased upon injection of Aletris, and that this 
would hardly suggest the liberation of adrenalin 
from the suprarenal glands, we wished to make cer- 
tain that these glands played no part in the sedation 
of uterine contractions, and the glands were accord- 
ingly tied off. 

Of the eight experiments made in this series five 
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gave definite evidence of uterine sedation. Of the 
remaining three experiments two showed slight in- 
creases in uterine activity, and one showed neither 
uterine stimulation nor sedation. 

Figure 9 illustrates the sedative action of the de- 
alcoholized and buffered fluidextract of Aletris upon 
actively contracting tissue. At J a dose of 5 cc. 
injected intravenously was followed by definite 
sedation for about five minutes. Another dose of 5 
cc. given at 2 resulted in a very definite decrease in 
the rate of uterine contractions. 


SUMMARY 


The effect of the dealcoholized and buf- 
fered fluidextract of Aletris farinosa upon the 
isolated uterine tissue of the rat, the guinea 
pig and the rabbit, and upon the im vivo 
uterus of the rabbit and the cat has been 
studied. 

The drug studied exerted a definite action 
of depression upon the isolated uterus of the 
rat. The approximate limit of the effective 
concentration of the fluidextract of Aletris 
was 1:5000. 


The antagonistic action of Aletris against 
the stimulating effect of the oxytocic princi- 
ple of the posterior lobe of the pituitary gland 
(pitocin) was also studied upon the isolated 
uterus of the rat. The minimal effective 
concentration of the dealcoholized and 
buffered fluidextract of Aletris against 0.3 
unit of pitocin was found to be 1:1000. 

The results using the isolated uterine tis- 
sue of the guinea pig and of the rabbit and 
the in vivo rabbit uterus were inconstant, 
the predominant action being stimulation. 

The fluidextract of Aletris caused a de- 
pressant action upon the uterus of the cat 
under nembutal anesthesia, especially when 
that organ showed such a _ pronounced 
activity that a condition of estrus was sug- 
gested. The action of the drug upon the 
decerebrated cat and the cat in which 
estrus was induced by the injection of a 
commercial estrogenic preparation was in 
the great majority of cases that of pro- 
nounced sedation. 
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Some Significant Optical Constants of Zinc Insulin Crystals* 


By George L. Keenan 


Since the publication of an optical- 
crystallographic description of zine insulin 
crystals (6), there has been some difference 
of opinion concerning the habit of the crys- 
tals and the significant refractive indices. 
Recently the writer has studied a large num- 
ber of samples of crystalline zinc insulin, 
including the U. S. P. and International 
Standards; the descriptions already in the 
literature are reviewed and the results of the 
more recent microscopical study are re- 
corded in this paper. 

Insulin was first obtained in crystalline 


* Received Mar. 1, 1944, from Microanalytical 
Division, Food and Drug Administration. 


form by Abel (1) and his coworkers in 1926. 
At that time Professor Swartz of the Depart- 
ment of Geology of the Johns Hopkins Uni- 
versity examined samples of insulin crystals 
and reported them as doubly refracting and 
belonging to the rhombohedral division of 
the hexagonal system. No other optical 
data are reported. 

In 1927, Professor E. B. Mathews of the 
Department of Geology of the Johns Hopkin 
University examined additional samples of 
crystalline insulin prepared by Abel and his 
assistants (2). The material studied oc- 
curred in well-defined crystals seldom ex- 
ceeding 0.01 mm. in diameter and falling 
crystallographically into two general groups. 
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Group A consisted of crystals with well- 
defined double refraction, of negative charac- 
ter, crystallizing with several habits in the 
rhombohedral class. Some of the crystals 
were prismatic with rhombohedral termina 
tions, accompanied by combinations of a 
steep trapezohedron and a flat rhombohe- 
dron, suggestive of an Indian axe head. A 
few crystals showed twinning. The index of 
refraction was stated to be fairly high but no 
mathematical figure was given for it. The 
double refraction was moderate. The crys- 
tals in Group B showed a more equant habit, 
often with clearly defined crystal edges and 
no double refraction. The faces were dia 
mond-shaped and the habit suggested the 
rhombic dodecahedron. 

In 1929 Harington and Scott (3) prepared 
crystalline insulin having the appearance of 
absolute uniformity. These crystals had a 
hexagonal outline as was observed by Abel. 
Examination under a high power showed 
that the crystals had the appearance of 
cubes, or rhombohedra, standing on one 
corner, thus suggesting the appearance of a 
hexagonal outline. The crystals were found 
to be weakly doubly refracting with a re 
fractive index of approximately 1.58. Scott, 
in 1932, following further observations on the 
crystalline forms of zine insulin (4), reported 
that depending on the pH of the solution 
from which the material was crystallized, 
forms occurred differing greatly from the 
rhombohedra in which the substance gen 
erally crystallizes. Later work by Scott in 
1939 (5) characterized the zinc insulin crys- 
tals as consisting of cubes or rhombohedra, 
standing on one corner, being slightly doubly 
refractive and again having a refractive index 
of 1.58. The erystals were found to form 
best at pH 5.8 to6.2, and twinning was found 
to occur frequently. When attempts were 
made to crystallize the material below its 
isoelectric point, dog-tooth crystals were 
obtained which separated at pH 5.2 and 
could be readily converted into the typical 
rhombohedral habit by adjusting the reac- 
tion of the mixture to PH 6.2. 

More recently (6) zine insulin crystals 
have been described as small, colorless, 
rounded, untwinned, uniaxial, rhombohedral 
crystals, possessing a negative optic sign, 
parallel or zero extinction with crossed 
nicols and a mean refractive index for lithium 
light of 1.535 + 0.002 with a birefringence of 
0.005. 

Up to and including the early part of 1943 
two different refractive index values, 1.58 


! Obtained from Dr. Melville Sahyun, Director of 
Biochemical Research Laboratory, Frederick Stearns 
& Company, Detroit, Mich 

2? Portland Cement Association, Chicago, Ill 
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(3, 5) and 1.535 (6), were given for zinc 
insulin crystals. Also, the crystals. had been 
described as being untwinned (6). The 
writer's experience in the microscopical ex- 
amination of a number of crystalline zinc 
insulin samples showed that these data were 
not wholly descriptive of the substance. 
One of the first samples examined! (1938) 
showed that the habit was that of a cube or 
rhombohedron, frequently resting on one 
corner and appearing as a hexagon. With 
more detailed study, the rhombohedral habit 
was readily observed. The dual develop- 
ment, resembling twinning, was apparent, 
although not frequent in this sample. Sam- 
ples more recently examined (1942-1943) 
showed that this dual development was 
quite significant for the substance. Bire- 
fringence was low to moderate, better ob- 
served with the selenite plate. Extinction 
was sharp and parallel with the elongation. 
Optic sign was positive. The refractive 
indices as determined by the immersion 
method were: m = 1.562, me = 1.550 
(both +0.002). (A personal communica- 
tion from Dr. Levi S. Brown? states that the 
optic sign is positive with the following 
indices determined on three samples of zine 
insulin: m = 1.556, nm. slightly above 
1.544.) 

Following the examination of this mate- 
rial, a large number of commercially pre- 
pared samples of zinc insulin, as well as 
samples of the United States Pharmacopeeia 
and International Standards, have been care- 
fully examined. These were furnished 
through the coéperation of the Division of 
Pharmacology, Food and Drug Administra- 
tion, Federal Security Agency. The habit, 
in addition to the box-like forms, consisted 
of the dual forms or twins such as Scott re- 
ferred to and illustrated (5). The refractive 
indices were identical with those obtained 
and noted above. 


SUMMARY 
The optical-crystallographic properties of 
crystalline zinc insulin heretofore reported 
have been reviewed and the results of a 
recent microscopic-crystallographic study of 
standard reference samples are given. 
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A Phytochemical Study of Argemone hispida* 


By Taito O. Soinet and Ole Gisvold 


This is a report in a coéperative research 
project associated with the Indian Medicinal 
Plant Study of the Bureau of Plant Indus- 
try, United States Department of Agricul- 
ture. 

Argemone hispida, family Papaveraceae, is 
a plant occurring in North and South 
America, being found in the United States 
on the sandy soil of the plains and foothills 
from Wyoming to Utah and New Mexico 
at an altitude of 4500 to 9000 ft. The spe- 
cies has been described as having crested 
plants up to 4 ft. in height, bearing somewhat 
glaucous leaves, white (rarely purple) flowers 
closely subtended by bract-like leaves, a very 
spiny capsule, and the plant as a whole being 
densely bristly (1). 

A. hispida has not been examined chemi- 
cally, although the related species, Argemone 
mexicana, has undergone considerable in- 
vestigation, probably due to the belief preva- 
lent at one time that it contained morphine 
(2). This belief has been dissipated by a 
number of investigators (3, 4, 5, 6) who iso- 
lated only berberine and protopine. An- 
other species, Argemone alba Lestib has also 
been examined chemically (7), yielding only 
berberine and an unnamed alkaloid prepared 
as a picrate. 

Recently (8), a slight antipneumococcic 
activity has been attributed to the crude al- 
kaloidal fraction of A. hispida. The object 
of this study has been to isolate the alkaloids 
in a crystalline state, together with other 
phytochemical studies. 


EXPERIMENTAL 


The drug as received from Reno, Nev. consisted 
of the air-dried stems, leaves, seed pods and roots. 
The stems and roots had been cut into 4- to 6-in. 
segments. This material was reduced to a number 
20 powder in a Jacobson Laboratory grinder. In 
this manner, 12 Kg. of ground drug suitable for 
extraction were obtained. The ground drug was 
divided into two equal parts, one for preliminary 
experimentation, and the other for preparation of 
the active principles as indicated by the preliminary 
work. 

Preliminary examination of an infusion of 50 Gm. 
of the drug gave positive alkaloidal tests with 
Mayer’s, Wagner’s and tannic acid test solutions. 
The positive alkaloidal tests were confirmed by ex- 
tracting a small portion of the drug with Prollius 


* Received Aug. 30, 1943, from the Dept. of 
Pharmaceutical Chemistry, University of Minne- 
sota 

t Abstracted from a thesis submitted to the Grad- 
uate Faculty of the University of Minnesota in 
partial fulfillment of the requirements for the degree 
of Doctor of Philosophy. 
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fluid, shaking the Prollius fluidextract with diluted 
hydrochloric acid, and testing the acid extract with 
the above-named alkaloidal reagents. In each case 
the test was positive. 

To make a more thorough preliminary investiga- 
tion, 5°/, Kg. of the ground drug were extracted 
completely with alcohol in a Barnstead extractor. 
The alcoholic extract was concentrated on a steam 
bath to a syrupy liquid, which was made strongly 
alkaline with ammonium hydroxide, and then im- 
pregnated on a mixture of equal parts of purified 
sand and sawdust. The impregnated mass was 
thoroughly dried on top of a steam radiator. 

Petroleum Ether Extract-—To remove fatty mate- 
rial the dried sand-sawdust mass was extracted 
continuously in a Soxhlet extractor for three days 
with petroleum ether (b. p. 30-60° C.). A dark 
brown, viscid mass weighing 60 Gm. was obtained 
upon removal of the petroleum ether. Only a trace 
of alkaloid was present when the petroleum ether 
extract was shaken with 5% hydrochloric acid, and 
the acid extract tested with Mayer’s reagent. The 
petroleum ether extract was saponified with alco- 
holic potash, and the saponified mixture extracted 
with ether in a liquid-liquid extractor. The ether 
extract yielded a sticky, dark brown residue of non- 
saponifiable material. This residue when treated 
with boiling methyl alcohol dissolved with the ex- 
ception of a slight waxy residue. On cooling the 
methyl alcohol solution, a crystalline mass sepa- 
rated. This mass was purified with decolorizing 
carbon, and recrystallized tw‘ze from methyl alcohol 
to yield 1.6 Gm. of long, white needles, m. p. 115- 
124°C. They gave a positive Liebermann—Burchard 
test, and formed an insoluble digitonide. The 
sterol when dissolved in chloroform in a concentra- 
tion of 0.727 Gm. per 100 cc. had a specific rotation 
of [a]? = 112.79°. An acetate, prepared by re- 
fluxing with acetic anhydride and pyridine, melted at 
113-119° C. This acetate gave a positive Lieber- 
mann—Burchard test. The acetate was brominated 
by the method of Windaus and Hauth as given by 
Rosenthaler (9). No ether-insoluble tetrabromides 
(stigmasterol) were obtained. The dibromides, 
when recrystallized twice, melted at 103-116° C. 
A Liebermann-Burchard test gave a transitory, 
blue-green color, which disappeared on shaking. 
The bromide was debrominated by refluxing for 
eight hours with 0.5 Gm. of zinc dust and 15 cc. of 
absolute alcohol. A crystalline residue, m. p. 83- 
90° C., was obtained upon filtration and removal of 
the alcohol. Sodium fusion indicated the absence of 
halogen. A Liebermann-Burchard test on the 
crystals failed to give the same color originally given 
by the sterol acetate, which indicated that the 
original sterol acetate had not been regained during 
the debromination procedure. 

Ether Extract—The sand-sawdust mixture from 
the petroleum ether extractions was air dried to 
remove residual petroleum ether, and then extracted 
continuously with ether for nine days. During the 
first day a precipitate developed in the percolate. 
This precipitate was removed on completion of per- 
colation, washed, dried, and found to weigh 2 Gm. 
It was recrystallized from boiling alcohol several 
times to yield 0.6 Gm. of long, filamentous needles, 
m. p. 263-264° C. (with decomposition). The mother 
liquor yielded a like amount of crystals on concen- 
tration. A Liebermann—Burchard color test gave a 
slowly developing violet coloration in the chloroform 
layer, which turned blue on standing. An acetate 
of the compound was prepared by refluxing 0.15 
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Gm. of the material with 10 cc. of acetic anhydride 
and 2 drops of pyridine for one-half hour. The re- 
sulting acetate, when recrystallized from alcohol, 
yielded long, white needles, m. p. 164—-164.5° C. 
The compound was thus tentatively identified as a 
phytosterolin based on its high melting point, solu- 
bility and acetate formation. This assumption was 
further supported by the positive Liebermann- 
Burchard test. 

The phytosterolin was hydrolyzed by the method 
of Gisvold and Hall (10). The hydrolysis yielded a 
sterol, which when recrystallized from methyl alco- 
hol gave a melting point of 136° C. An acetate of 
this sterol was prepared and melted at 124-126° C. 
The hydrolysis also yielded a sugar residue prepared 
as an osazone, m. p. 207° C. 

An alkaloid fraction was also isolated from this 
extract, but the amount was so small it could not be 
purified. 

Chloroform Extract—The ether-extracted sand- 
sawdust mixture was warmed to free it of ether, and 
then extracted continuously with chloroform for two 
weeks. Upon examination of the percolate it was 
found to have deposited a layer of dark, tarry 
material on the sides of the flask, with a dark, super- 
natant liquid. 

Treatment of the Supernatant Liquid.—This liquid 
was concentrated by distillation to a convenient 
volume, and then extracted with 2% hydrochloric 
acid until free of alkaloid. The acid extraction was 
alkalinized with ammonium hydroxide, and subse- 
quently extracted with chloroform. The chloro- 
form extracts were washed with distilled water, and 
the chloroform removed by distillation to yield a 
dark red, uncrystallizable syrup. This syrup was 
dissolved in 10% hydrochloric acid and treated with 
an excess of saturated sodium bicarbonate solution, 
which resulted in a precipitate that was filtered, 
washed and dried. The addition of a saturated 
sodium carbonate solution to the filtrate also yielded 
a precipitate which was filtered, washed and dried. 

The first precipitate obtained was crystallized 
from a mixture of chloroform and ether, and then 
recrystallized from hot alcohol to yield needles, 
m. p. 238° C. (with decomposition). The second 
preicpitate after crystallization melted at 238° C. 
and a mixed melt with the first crystals gave no de- 
pression. 

Sodium fusion of the crystals gave a positive test 
for nitrogen. The crystals were insoluble in water, 
sodium carbonate solution, and sodium bicarbonate 
solution; sparingly soluble in ether; and soluble in 
boiling alcohol, chloroform, sodium hydroxide 
solution and acids. The crystals gave positive 
alkaloidal tests with all the common alkaloidal re- 
agents when dissolved in dilute hydrochloric acid. 
A small amount of the crystals when tested with 
ferric chloride test solution failed to give any sig- 
nificant color change. The specific rotation of the 
crystals in chloroform in a concentration of 0.542 
Gm. per 100 cc. was [a ]%} = —77.47°. 

Derivatives —A cryst: alline benzoyl derivative of 
the alkaloid was prepared by dissolving 0.1 Gm. of it 
in 5 cc. of pyridine, adding 0.3 cc. of benzoyl chloride 
and allowing the mixture to stand at room tempera- 
ture for twenty-four hours. The mixture was then 
poured into an excess of 10% ammonium carbonate 
solution and extracted with ether. The residue after 
the removal of ether was crystallized from a mixture 
of toluene and alcohol. On recrystallization it 
melted constantly at 124—125° C. 

All attempts to prepare a crystalline hydrochloride 
failed. Attempts to prepare a crystalline picrate 
and methiodide in the usual ways gave amorphous 
derivatives. 

From the various analyses the following struc- 
tural formula for the compound was assigned in 
part, 153 (OH)(OCH; )3N. 


Anal.—Caled. for os 
70.34; H, 6.80; N, 4.10. Caled. for Ci7H);(OH)- 
(OCH;);N: 69.93: H, 7.34; N, 4.08. Found: 
(av.) C, 70.23; (av.) H, 7.01; (av.) N, 4.16. 

Anal.—For —OCH;: Caled. for CiHi;(OH)- 
(OCH3)3N: 27.28. Caled. for 
27.12. Found: (av.) 26.92. 

Molecular weight determinations (Rast).—Calcd. 
for 341.19. Caled. for 
(OH)(OCH;)3N: 343.21. Found: (av.) 301.19. 


NOTE: Progressive decomposition was en- 
countered in the Rast molecular weight determina- 
tions. 


Treatment of the Tarry Material Examination of 
this material indicated the presence of alkaloids, 
but no crystalline material was obtained. 

During the preliminary investigation it seemed 
that decomposition was taking place continually, 
and it was questionable whether some of the alka- 
loidal fractions were original alkaloids or mixtures 
of decomposition products. Therefore, 6 Kg. of 
the drug were extracted by means of cold percolation 
with 2% sulfuric acid in 70% alcohol until the drug 
was free of alkaloid. The percolate was allowed to 
evaporate spontaneously at room temperature to a 
thick, dark syrup, the solution being treated from 
time to time with sodium bicarbonate to prevent 
high acidity. The thick syrup was then made up to 
its original volume with 2 2% sulfuric acid and filtered 
to remove all insoluble material. Of a number of 
methods attempted in obtaining the alkaloids, the 
following proved to be the most satisfactory. The 
filtered solution was alkalinized with saturated 
solution of sodium carbonate, and extracted thor- 
oughly with ether. It was found that the precipi- 
tate formed on alkalinization was partially soluble 
in ether. The ether-insoluble material was collected 
on a filter. The ether solution was washed with dis- 
tilled water. 

Examination of the Ether-Insoluble Material.— 
The ether-insoluble material was gelatinous in na- 
ture. It was dissolved in 10% sulfuric acid, filtered 
and reprecipitated with saturated sodium carbonate 
solution. The gelatinous precipitate was washed 
several times by decantation with distilled water, 
and was finally collected on a Biichner funnel. 
Upon exposure to the air this material gradually 
assumed a darker color until upon complete drying 
it became dark brown. This residue gave a very 
strong alkaloidal test when dissolved in dilute hydro- 
chloric acid. The material was soluble in hot con- 
centrated and dilute hydrochloric acids from which 
it separated on cooling. The separated material was 
apparently a hydrochloride because it was soluble 
in hot water, whereas the original material was not. 
The material was soluble in an excess of sodium 
hydroxide solution, but was insoluble in sodium 
carbonate solution. When a dilute hydrochloric 
acid solution of the material was treated with a few 
drops of ferric chloride test solution, and dilute 
sodium carbonate solution added dropwise, the 
solution turned a dark green changing to purple 
with more alkali. A sodium fusion indicated the 
presence of nitrogen. 

Derivatives —Acetyl derivative: An amorphous 
derivative was obtained when the material was acet- 
ylated with acetic anhydride and pyridine. 

Benzoyl derivative: An amorphous derivative was 
obtained when the material was benzoylated with 
benzoyl chloride and pyridine. 

The fact that the alkaloidal fraction contains 
nitrogen, is soluble in acids, gives a positive catechol 
color test, and forms characteristic phenolic deriva- 
tives would indicate that there is present in this 
fraction a phenolic alkaloid containing a catechol 


group. 
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Examination of the Ether-Soluble Material.— 
The washed ether solution was extracted with 5% 
tartaric acid. The acid solution was alkalinized 
with 25% sodium hydroxide solution and immedi- 
ately extracted with ether until the ether extractions 
gave a negative test for alkaloid. The alkaline 
solution was then immediately acidified by the use 
of solid, powdered tartaric acid, and realkalinized 
with saturated solution of sodium carbonate. The 
alkaline liquid was thoroughly extracted with ether 
until both the alkaline liquid and the ether extrac- 
tions were free of alkaloid. 

Examination of Sodium-Hydroxide Insoluble Frac- 
tion.—The ether solution was washed with distilled 
water, and then dried over anhydrous sodium sul- 
fate. The ether was removed by distillation, and the 
residue crystallized upon cooling. These crystals 
were recrystallized from dilute alcohol several times 
to form large, colorless, six-sided plates and prisms. 
They melted at 130-140° C. accompanied by effer- 
vescence. A small portion of the material was 
powdered and dried for four hours at 100° C. in a 
vacuum drying pistol over phosphorous pentoxide. 
The dried material melted sharply at 152.5-153° C. 
A small portion of the undried material was again 
recrystallized from dilute alcohol, and the crystals 
dried in the same manner. The material again 
melted at 152.5-153° C. These crystals were in- 
soluble in water and petroleum ether, fairly soluble 
in ether, but freely soluble in acetone, alcohol, 
chloroform and benzene. The crystals were insoluble 
in alkaline solutions, but were readily soluble in 
acids. When dissolved in dilute acids the crystals 
gave positive alkaloidal tests with all of the common 
alkaloidal reagents. The specific rotation of the 
crystals in alcohol in a concentration of 1.013 Gm. 
per 100 cc. was [a]}# = —214.22°; and in chloro- 
form in a concentration of 1.011 Gm. per 100 cc, 
was [a]3 = —187.93°. 

Derivatives.—Picrate: A crystalline picrate which 
was prepared in the usual manner melted at 242- 
245° C. 

Styphnate: A crystalline styphnate was prepared 
by dissolving the alkaloid in alcohol, adding an 
excess of a saturated alcoholic solution of styphnic 
acid, and then adding distilled water until the 
solution was just turbid. The styphnate melted at 
247-249° C. 

Methiodide: A crystalline methiodide which was 
prepared in the usual manner melted at 273-274° C. 
(with decomposition). 

Hydrochloride: An amorphous hydrochloride was 
prepared by passing dry hydrogen chloride gas into 
a solution of the crystals in anhydrous ether. The 
resulting white precipitate could not be crystallized. 

From the various analyses the following struc- 
tural formula for the compound was assigned in 
part, Ci ICH; 

Anal.—Caled. for: C, 70.95; 
H, 7.10; N, 3.94. Found: (av.) C, 71.02; (av.) H, 
7.10; (av.) N, 4.19. 

Anal.—For —OCH;: Caled. for 
34.94. Found: (av.) 35.08. 

Molecular weight determinations (Rast).—Calcd. 


for: 355.21. Found:  (av.) 
324.18. 
Norte: Progressive decomposition was encoun- 


tered in the Rast molecular weight determinations. 


Solvent of crystallization.—Caled. for: CywHis- 
2.47. Found:  (av.) 
H,0, 2.67. 


Examination of the Sodium Hydroxide-Soluble 
Fraction —The ether solution containing the sodium 
hydroxide-soluble fraction was washed with distilled 
water and dried over anhydrous sodium sulfate. 
When the ether was removed a yellowish white resi- 
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due remained. This residue when digested with 
cold alcohol left a white residue which was re- 
crystallized twice from hot alcohol to give crystals, 
m. p. 238° C. (with decomposition). A mixed melting 
point showed them to be identical with the crystals 
described in the preliminary investigation. The 
filtrate from these crystals was allowed to evaporate 
to dryness spontaneously. The residue was dis- 
solved in acetone, and the acetone solution diluted 
with ether until no more precipitation took place. 
The precipitated residue, which was small in amount, 
could not be crystallized and decomposed readily 
on contact with air. The filtrate from this precipi- 
tate was mixed with an eqnal volume of water, and 
the ether and acetone distilled off under reduced 
pressure, leaving a creamy white precipitate, which 
was extracted thoroughly with ether. The ether 
solutions were washed with distilled water and 
dried over anhydrous sodium sulfate. On removal 
of the ether a yellow varnish was left which could 
not be crystallized. This was impregnated on a Soxh- 
let cup and extracted with petroleum ether for 
three days. The petroleum ether when distilled off 
deposited an amorphous yellow precipitate melting 
at 84-124° C. The precipitate could not be crystal- 
lized. Benzoylation with benzoyl chloride and pyri- 
dine yielded an uncrystallizable benzoyl derivative 


SUMMARY 


1. A sterol fraction, m. p. 115—124° C., 
= 112.79° (in CHCl;), was isolated 
from which an acetate and its dibromide 
were prepared. 

2. A sterolin, m. p. 263-264° C., was 
isolated which yielded a crystalline acetate. 
Hydrolysis of the sterolin yielded a sterol, 
m. p. 136° C, and a sugar residue prepared 
as an osazone, m. p. 207° C. 

3. A new ether-soluble, phenolic, crys- 
talline alkaloid, m. p. 238° C., [a]? = 
—77.47° (in CHCl;), was isolated. A ten- 
tative formula, CyHys‘or 15)(OH)(OCHS)3N, 
was assigned in part. A crystalline benzo- 
ate was prepared. 

4. An ether-insoluble, amorphous alka- 
loidal fraction was isolated, probably con- 
taining an alkaloid having a catechol group. 
An amorphous acetate and benzoate were 
prepared from this fraction. 

5. A new ether-soluble, nonphenolic, 
crystalline alkaloid, m. p. 152.5-153° C., 
= —214.22° (in C;H;OH), = 
—187.93° (in CHCl), was isolated. A 
tentative formula, Cj;Hi;(OCH;)4N, was 
assigned in part. A crystalline picrate, 
styphnate, and methiodide were prepared. 
An amorphous hydrochloride was also pre- 
pared. 

6. An ether-soluble, phenolic, amorphous 
alkaloidal fraction, m. p. 84-124° C., was 
isolated from which an amorphous benzoate 
was prepared. 
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The Bacteriostatic Action of Tincture of Iodides— 


N. F. 


VII*t 


By Randolph M. Jackson and Tom D. Rowe** 


The introduction of a decolorized tincture 
of iodine into materia medica is generally 
attributed to Simpson of Edinburgh. This 
is not an authoritative statement due to the 
fact that Hill who, in 1887, mentions Simp- 
son as having introduced the preparation 
“about 25 years ago’’ does not give an exact 
date or reference (1). According to tradi- 
tion, it was originally used in order to do 
away with the staining of bedclothes in ob- 
stetrical practice. 

For decoloration Simpson used an alco- 
holic solution of ammonia. The reaction 
was extremely slow, so the pharmacists used 
other agents for decolorizing the iodine. 
Boulton, in 1867, proposed phenol and 
iodine which were supposed to yield a car- 
bolate of iodine (1). About the same time, 
Baruch suggested sodium acid sulfite and 
sodium thiosulfate for decolorization (1). 
All these methods for decoloration left out 
of consideration the differences in the chem- 
istry of the processes and any therapeutic 
differences in the end product. 

In this country, Aiken appears to have 
been the first to introduce Decolorized Tinc- 
ture of Iodine to the medical profession in 
1865, although it received attention in 
pharmaceutical journals as early as 1863 (2). 

The preparation was included in the first 
edition of The National Formulary under 
the title ‘‘Decolorized Tincture of Iodine.” 
It has been included in each revision of the 
book since that time. In the fifth edition 
a radical change was made in the prepara- 
tion, a strong solution of ammonia water re- 
placing sodium thiosulfate as the decoloriz- 


* Received Feb. 21, 1944, from the Department of 
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t A portion of a paper presented by R. M. Jackson 
in partial fulfillment for the degree of B.S. in 
Pharmacy at the Medical College of Virginia. 

** Associate Professor and Chairman, Department 
of Pharmacy, Medical College of Virginia. 


ing agent. The name was changed to Tinc- 
ture of Iodides. This change was made after 
studies and investigations of the subject, 
which began in 1919 (3) and continued 
sporadically until about 1925. 

The end products of this preparation vary 
according to many authors. In 1914, Pratt 
assumed that iodine with ammonia water re- 
acted as follows: one-half the iodine pre- 
cipitated as NH;.NI,, the rest going to NH,I. 
Light activity on the former released nitro- 
gen and more NH,I formed from this. The 
NH3;.NI; could also be hydrolyzed to NH,IO 
which reacted in part with the alcohol to 
form some iodoform. The bulk lost oxygen 
and was said to be converted to ammonium 
iodide (4). Caspari and Kelly in_ their 
“Treatise on Pharmacy’ say that iodine 
with ammonia water converts the iodine 
into ammonium iodide (5). Arny and Fis- 
chelis, in their “Principles of Pharmacy,” 
state that the preparation “‘probably con- 
tains ammonium iodide, ammonium hypoio- 
dite, ammonium iodate, nitrogen iodide, 
ammonium formate and ethylamines, the 
last two resulting from the reaction of ethyl 
alcohol and ammonia water in the presence 
of iodine” (6). 

The first indication in the literature that 
the Decolorized Tincture of Iodine had none 
of the therapeutic virtues of iodine was made 
in 1892 (7, 8,9). It seems that this conclu- 
sion was made without experimental founda- 
tion. However, the belief persisted, and the 
popular texts in pharmacy repeat this as- 
sumption (5, 10). Apparently no report has 
been made concerning the possible bacterio- 
static effect of the preparation based on ex- 
perimental work. It was our intent to de- 
termine if empirical statements concerning 
its inactivity were true. 

Rang found that a slight acidity would 
release free iodine from the compounds 
formed in Decolorized Tincture of Iodine 
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(1). Investigators have found that the nor- 
mal skin has an acidity ranging from pH 4 to 
pH 7, the average being pH 4.2 to pH 5.6. 
A higher ~H was found in females than in 
males (11). The pH of the skin is lowered 
by perspiration temporarily for the acids 
formed are less volatile than the water. 
The latter evaporates off, leaving the acids 
which increases the acidity (12). On the 
assumption that the acidity of the skin 
might be of sufficient strength to release the 
jodine from Tincture of Iodides N. F. VII, 
we carried out an experiment to determine 
the bacteriostatic action of this preparation 
by an im vivo method. 


EXPERIMENTAL 


Our method for the determination of bacteriostatic 
action was a modification of Sarber’s method for the 
evaluation of germicidal substances (13). In our 
modification a 20-24-Gm. white mouse was anes- 
thetized with ether and placed on its back on a 
board. It was secured with adhesive tape, the ab- 
domen lathered, shaved, and the residual soap rinsed 
off with a piece of cotton saturated with normal sa- 
line. The shaved area was allowed to dry and six 
small cross scratches made in a half-inch square 
surface of the shaved abdomen. A 4-mm. wire loop, 
filled with a suspension of the test organism, was 
gently massaged into this area for one minute. 
After this, the whole area was painted with the 
N. F. tincture or with one of the other solutions 
under examination. Three minutes were allowed 
for its action, after which the cross-scratched area 
was aseptically excised, the peritoneal cavity opened 
and the piece of skin placed inside. The incision 
was closed with two stitches of black silk and the 
exterior surface of the wound was painted lightly 
with the tincture or other solution. The above 
procedure was followed on control animals, the 
tincture or other solution being omitted. The 
exterior surface of the wound on the control animals 
was lightly painted with Tincture of Iodine. On 
each day the same number of controls and experi- 
mental animals were run to eliminate possible dis- 
crepancy in the final results, due to variation in 
either virulence or concentration of the test organism 
from day to day, and in the condition of the mice. 
All of the animals were fed on a Purina Dog Chow 
diet. 

Before beginning the experiment, control animals 
were operated upon, following the above procedure. 
The tincture or other solution and the test organism 
were omitted in order to demonstrate that the ani- 
mals would not die of the operative procedure itself. 

The bacterial culture used in these experiments 
was a strain of Streptococcus hemolyticus, chosen 
because it may be found at times on the human skin 
(14). The culture is also pathogenic for mice and is 
an organism that may be found in human wounds. 

The virulence of the original culture was enhanced 
by direct serial passage through the peritoneal cavi- 
ties of white mice as follows: The original culture 
was incubated at 37° C. for twenty-four hours in 
brain-heart infusion broth containing 10% defibrin- 
ated blood. This original culture was mixed with 
5 cc. of normal saline to make a suspension. One- 
tenth cubic centimeter of this suspension was in- 
jected into the peritoneal cavity of a mouse weighing 
20-24 Gm. Immediately after death of the mouse, 
0.5 cc. of normal saline was injected into its peri- 
toneal cavity. The resultant bacterial suspension 


was then withdrawn into the syringe and 0.1 cc. was 
injected into another mouse. This was repeated 
until 0.1 cc. of the suspension from the peritoneal 
cavity would kill a mouse in eighteen to twenty 
hours. 

The cultures used in the experiments were ob- 
tained as follows: After the virulence desired had 
been obtained, the animal’s heart was aseptically 
excised and a 4-mm. loopful of blood from the opened 
ventricle was inoculated into brain-heart infusion 
broth containing 10% defibrinated blood. This 
culture was incubated at 37° C. for twenty-four 
hours, and 5 cc. of normal saline solution was added 
to make the suspension for the test. 

Table I shows the relative values of the three sub- 
stances tested. At autopsy, the peritoneal exudates 
and blood of all the dead animals contained hemo- 
lytic streptococci. In no case was infection found 
in the wound. The sodium iodate' was tested for 
possible bacteriostatic action because of its close 
chemical relation to one of the compounds (NH,IOs;) 
generally thought to be present in the Tincture of 
Iodides N. F. VII. The 45% alcohol was tested to 
see if any bacteriostatic action that the Tincture of 
Iodides N. F. VII might have was due to its alco- 
holic content which is approximately 45%. It will 
be noted that all of the controls had died within 
seventy-two hours. 


TABLE I 


No. Animals Living after 
No. the Following Days: 
Substance Tested Tested 1 2 3 4 5 6 
Tincture of lIodides 
N. F. VII 50 50 438 43 30 30 30 30 
Saturated Aqueous So- 
lution of Sodium 


Iodate 25 20 15 15 15 15 15 15 
Controls 25 10 0 0 0 0 0 0 
45% Alcohol 25 1188: «8« 8‘ 8 8 
Controls 25 


10000 0 


Forty-three of the 50 mice treated with the tinc- 
ture were alive at the end of seventy-two hours in 
contrast to the control animals in which all of the 50 
mice died. Thus, 86% of the animals treated were 
protected for seventy-two hours by the use of Tinc- 
ture of Iodides, indicating a definite bacteriostatic 
effect of the solution. After seventy-two hours there 
was a marked decrease in the action of the tincture 
Such a decrease occasionally occurs with bacterio- 
static substances. It may have been that the in- 
hibitory substance of the tincture had been decom- 
posed, or carried away by body fluids in the mice 
dying after three days. The organisms were ap- 
parently still present and were able to reproduce and 
cause death. 

Seventy-five per cent of the mice treated with 
Sodium Iodate Solution were living at the end of 
seven days. 

Thirty-two per cent of the mice treated with 45% 
Alcohol were living at the end of seven days. 

The results indicate that Sodium Iodate has a 
bacteriostatic effect about twice that of 45% Alcohol. 
They also tend to show that part of the bacteriostatic 
action of the tincture is due to the alcohol present. 

The number of animals tested is probably not 
large enough to state definitely that Tincture of 
Iodides N. F. VII is bacteriostatic. Clinical tests 
should also be used to determine its effects on 


! Ammonium iodate was the compound initially 
selected for this test but at the time of the experi- 
ment none could be obtained. 
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human beings. It would appear that it might be of 
value as an antiseptic for human use when a stain- 
less iodine preparation is wanted. 


SUMMARY AND CONCLUSIONS 


1. Tincture of Iodides N. F. VII and an 
aqueous saturated solution of a similar 
chemical compound were tested for bacterio- 
static action by a method involving in vivo 
conditions. 


2. The combined action of skin and 
chemical compound is able to overcome a 
bacterial invasion which neither could do 
alone. 

3. From the results obtained, the bac- 
teriostatic action of Tincture of Iodides 
N. F. VII is not primarily due to the 45% 
Alcohol present. 

4. Tincture of Iodides N. F. VII ap- 
pears to have definite bacteriostatic action 
for S. hemolyticus on the skin of mice. 
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An Investigation of Pepsin Preparations for Pepsinogen* 


By Arthur J. McBay and Charles W. Bauer 


The literature states that pepsinogen is 
converted into pepsin in an acid medium and 
that pepsin is inactivated in an alkaline 
medium (1). It appears, therefore, that if 
N. F. Pepsin is dispensed in alkaline media, 
all the pepsin would be destroyed and no 
physiological benefits could be derived from 
it. Clinical evidence, however, seems to 
indicate that beneficial results are obtained 
from pepsin preparations dispensed in an 
alkaline medium. MHence it has been 
thought that N. F. Pepsin might contain 
pepsinogen that is not destroyed in an alka- 
line medium, and that is converted to pepsin 
by the stomach acid (2) with beneficial re- 
sults. An analysis, therefore, was made of 
N. F. Pepsin and of commercial preparations 
of pepsin, in an attempt to settle the ques- 
tion whether they contain some pepsinogen. 
Our experimental evidence (which is not 
presented here) indicates that neither N. F. 
Pepsin nor the commercial preparations of 
pepsin contain pepsinogen; and any bene- 
ficial results obtained from these prepara- 
tions must be the result of some other causes. 
It is apparent, then, that the existing alka- 


* From the Massachusetts College of Pharmacy, 
Boston, Mass. 


line pepsin preparations do not contain a 
proteolytic enzyme that is stable in an alka- 
line medium. The question arises whether 
such a preparation can be made. It would 
be compatible with many of the preparations 
in which pepsin is now being dispensed if it 
could be made; and the pepsinogen would 
not be destroyed as the pepsin is. Such a 
preparation would give peptic activity upon 
acidification in the stomach (2). 


EXPERIMENTAL 


Procedure:—Attempts were made to make purified 
solutions of active pepsinogen to replace inactive 
alkaline solutions of pepsin. These attempts were 
only partially successful. Since stable alkaline 
solutions were desired, it was though: unnecessary to 
work with chemically pure pepsinogen. The stabil- 
ity of these solutions at various hydrogen-ion con- 
centrations was determined by the method of Anson 
(3). The preparations of pepsinogen solutions from 
the gastric mucosae of swine were obtained by a 
modified Herriott (4) method. 

The pepsinogen preparations were made by the 
following procedure: 

The stomachs of four freshly killed swine were ob- 
tained; the mucosae were carefully removed; the 
yellow mucin was scraped from them with a knife; 
and they were washed with cold water. They were 
then minced in a hand grinder, and yielded 400 Gm. 
of cleaned minced mucosa, which was then trans- 
ferred to a 2000-cc. Florence flask. Sixteen hundred 
cubic centimeters of a solution of 540 Gm. of techni- 
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cal ammonium sulfate and 13.6 Gm. of sodium bi- 
carbonate were added. This mixture was agitated 
for one hour at room temperature. It was then 
strained through gauze to remove the exhausted 
minced product. Eight grams of Filter Cel per liter 
of strained product was then added, and the product 
was stirred and filtered through a Whatman No. 3 
paper in an 1l-cm. Biichner funnel. A water-vac- 
uum pump was required and a clear yellowish filtrate 
appeared. It wasmadeupto1600cc. The residue, 
which was without enzymatic activity, was dis- 
carded. To the filtrate, 320 Gm. of solid ammonium 
sulfate was added; the mixture was allowed to stand 
ten minutes; it was then stirred slowly for several 
minutes, and the suspension was allowed to stand 
for twelve hours at room temperature. It was then 
filtered a second time as above, but the filter cake 
was not allowed to become dry. (This time the 
filtrate was inactive and was discarded.) The filter 
cake was stirred with water and was filtered through 
Whatman No. 3 paper. The residue on the paper 
was washed with water until the filtrate measured 


500 ce. This new filtrate assayed 25 x 10~* pepsin 
units (3). Next, with a 4 M acetate buffer solution 


having a pH of 4.65, this filtrate was titrated to pH 
6.0, as determined by a Beckmann electrometer, 
and was then mixed with 500 cc. of 1M copper 
hydroxide suspension having a pH of 6.0. The 
mixture was stirred and filtered on a Biichner funnel 
without the use of filter acids. The filtrate, when 
tested for enzymatic activity, was found to have 
none, and was therefore discarded. Before the 
copper residue dried, it was stirred to a smooth paste 
with 500 cc. of a 0.1 M phosphate buffer solution 
having a pH of 6.8. This mixture was filtered, and 
the residue was discarded. To the filtrate obtained, 
2.5 Gm. of Filter Cel was added, and the mixture was 
refiltered. This new filtrate was designated as 
Product No. 1. A portion of Product No. 1 was 
stored at room temperature and was assayed at dif- 
ferent intervals of time for pepsin units. 

To 400 cc. of Product No. 1, 190 Gm. of solid am- 
monium sulfate was added, followed by 2.5 Gm. of 
Filter Cel; and the resulting suspension was filtered. 
The filtrate was discarded. The residue was mixed 
with 250 cc. of water and was filtered. This filtrate 
was designated as Product No. 2. A portion of 
Product No. 2 was stored at room temperature and 
was assayed at different intervals of time for pepsin 
units. 

A portion of Product No. 2 was titrated to pH 6.0 
as described above with the acetate buffer and was 
then treated with the 1M copper hydroxide and 
filtered. The filtrate was discarded. . The copper 
residue was stirred with the phosphate buffer and 
was filtered. To the filtrate was added 2 Gm. of 
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Filter Cel, and again the mixture was filtered. The 
filtrate was clear and was designated as Product No. 
3 


Product No. 4 was obtained from Product No. 3 by 
a procedure similar to that followed in obtaining 
Product No. 2 from Product No. 1. And Product 
No. 5 was obtained from Product No. 4 by a proce- 
dure similar to that followed in obtaining Product No. 
3 from Product No.2. All these products were like- 
wise stored at room temperature and were assayed 
at different intervals of time for pepsin units. The 
results of these assays are presented in tabular form 
in the table below. It was found that, on storing, 
these preparations gradually grew weaker in their 
pepsinogenic activity. But they retained about 
one-half of their original activity after seventy-five 
days’ storage at room temperature. 


TABLE I.—Pepsin UNITS IN “PEPSINOGEN SOLU- 
TIONS’ OBTAINED FROM THE GASTRIC MUCOSAE OF 
SWINE AT DIFFERENT INTERVALS OF TIME 
(The figures represent pepsin units X 10‘) 


Number 

of Days _— ——— Product Number 

Stored 1 2 3 4 5 
1 29.50 27.60 3.25 14.90 21.40 
11 24.50 23.90 2.88 12.40 17.90 
71 16.40 18.00 2.75 6.00 14.00 
75 13.30 17.00 2.50 4.60 12.50 

SUMMARY 


A. Neither N. F. Pepsin nor the commer- 
cial preparations of pepsin contain pepsino- 
gen. 

B. It appears that any clinical benefits 
derived from N. F. Pepsin or from commer- 
cial preparations of pepsin dispensed in alka- 
line media are not due to pepsinogen. 

C. Pepsinogen solutions of low concen- 
tration, when prepared and dispensed in an 
alkaline solution, will retain at least one- 
half their pepsinic activity for seventy-five 
days. 
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WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and Dearborn 
Streets, Chicago, IIl., seeks information on sources of supply for the following chemicals: 


Folic acid 

8-(p-Hydroxyphenyl)-lactic acid (100 Gm.) 

Isohydrobenzoin 

Mellitic acid (100 Gm.) 

1,2,5,8-Tetrahydroxy anthraquinone (Quinalizarin) 

Thioneine 

Tetrophine (5,6-dihydro-1,2-benzacridine-7-car- 
boxylic acid) 


3,4-Diamino toluene 
1,6-Dimethyl-3,4-diamino benzene 
Lignoceric acid 

l-Isopropyl naphthalene-2-sodium sulfonate 
Carbamyl chloride (chloroformamide) 
m-Dimethylaminophenol 

8-Quinoline 8-hydroxylamine 

Thiol histidine 
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Book Reviews 


The Organic Chemistry of Sulfur, by CHESTER M. 
Suter, Winthrop Chemical Company. John 
Wiley and Sons, Inc., New York, 1944. v + 858 
pp. 14x 2lecm. Price, $10.00. 

The Organic Chemistry of Sulfur represents a book 
which has been written by a well-qualified author 
on a topic of great general importance. The subject 
has been dealt with in a very thorough and logical 
manner, the large amount of factual material has 
been made useful to the fullest extent by many 
tabulations and numerous references, and the book 
has been indexed very thoroughly. 

It seems to the writer that monographs, such as 
the one under review, will become increasingly 
indispensable for the chemist, since their existence 
makes pertinent facts readily accessible without the 
expenditure of hours of search in the literature which 
already has reached such formidable proportions. 
Moreover, the succinct presentation of facts relative 
to some special phase of organic chemistry not 
infrequently enables an investigator to discover 
some new approach to a research problem. 

The sulfur chemistry discussed in the present 
volume is presented under the following headings: 
Esters of Sulfuric Acid; Aliphatic Sulfonic Acids; 
Preparation, Properties and Reactions of Aromatic 
Sulfonic Acids; Derivatives of Aromatic Sulfonic 
Acids; Sulfones. The author stated that the 
remainder of sulfur chemistry would be covered in 
a second volume provided that circumstances pér 
mitted him to do so and that the present book met 
with a favorable reception. Although we are already 
greatly indebted to Dr. Suter for his initial con- 
tribution, it is hoped most earnestly that we may 
be favored further by the publication of the addi- 
tional volume.—F. F. Biicke. 


The Chemistry of Organic Medicinal Products, by 
GLENN L. JENKINS and WALTER H. HartuNnG 
John Wiley and Sons, Inc., New York, 19438. vi 
+ 675 pp., 13.25 x 21cm. Price, $6.50 
It would be difficult indeed to conceive of discover- 

ies which have contributed more to human welfare 
than those made in the field of organic medicinal 
products. The naturally-occurring drug penicillin 
and the synthetic drugs of the sulfonamide type, 
epoch-making as their introduction has been, are 
merely the most recent of a long line of medica- 
ments which have been developed as the result of 
research in medicinal chemistry. These brilliant 
achievements represent realization in the discovery 
of new drugs far beyond that which was considered 
probable. In view of this success, and the very great 
need for new therapeutic agents with which to com 
bat infections for which no adequate treatment is 
known, it will be tragic and inexcusable negligence 
if far more intensive efforts than those of the past 
are not made to promote more rapid progress in 
drug research. 

This progress can be achieved only by a greater 
stimulation of interest in this specialty among stu- 
dents, since it is only from such groups of individuals 
that the investigators of the future can be recruited. 
Unfortunately, the vast amount of literature which 
has accumulated on the subject of natural and syn- 
thetic drugs has been highly technical or has dealt 
with only a few drugs which happen to be of current 


interest. No up-to-date book which covered the 
whole field in a brief, thorough, yet interesting man- 
ner has been available. It is especially because of 
this circumstance that the appearance of The Chem- 
istry of Organic Medicinal Products, at the present 
time, represents such a distinct and valuable con- 
tribution. This book will serve not only as a source 
of information for those who wish to obtain a survey 
of the field, but will be found very useful as a refer- 
ence book by the chemist, pharmacist, pharmacolo- 
gist or clinician who wishes to acquaint himself with 
general facts relative to the structural formula, 
method of preparation, properties, uses and modes of 
administration of a particular drug. 

The writer was impressed very favorably, not 
only by the book as a whole, but also by a number 
of features such as the chapter on ‘“‘Some Physico- 
chemical Properties of Medicinal Products” in 
which attention was called to the significance of iso- 
esters. The carefully selected references which are 
listed at the bottom of many pages and at the end of 
most chapters are indispensable for those who wish 
to inform themselves more fully concerning certain 
phases of the subject. 

It is the personal opinion of the reviewer that some 
of the material which is purely organic chemistry, 
such as is to be found in every elementary text on 
that subject, should be deleted, since it seems irrele- 
vant and is not in harmony with the title of the text: 
this is true especially of many tables in which the 
physical properties of series of homologues are re- 
ported. Furthermore, it seems that the general use- 
fulness of the book would be increased greatly if the 
products discussed were arranged with respect to a 
therapeutic instead of a chemical classification. 

In conclusion, it should be stated that the second 
edition, which represents a radical revision of the 
initial one, can be highly recommended to those who 
have a potential or a professional interest in natural 
and synthetic drugs.—F. F. BLIcKE. 


Textbook of Quantitative Inorganic Analysis, by 
I. M. Kortuorr and E. B. SANDELL, Revised 
Edition. The Macmillan Company, New York, 
1943. xvii + 794 pages, 129 figures, 74 


tables, 14.2 x 21.5 cm. Price $4.50 

This textbook is well written and is thorough in 
its presentation of the subject of quantitative analyt- 
ical procedures. The authors can be congratulated 
on the use of its terminology of the period in which 
it is written.’ The text is written for the benefit of 
the student of chemistry and is conveniently divided 
into theoretical and practical considerations 

One outstanding feature of the book is the division 
of the text so that it can be used for a two-semester 
textbook in quantitative analysis. The examples 
used in the text together with the drawings and pic- 
tures are well chosen with the view of clarifying the 
various procedures under discussion. The chapters 
on theory of electroanalysis, techniques of common 
operations, electrometric titrations, colorimetry and 
spectrometry are very well written and are of 
sufficient clarity to be interpreted by the student. 

The text is well filled with a good bibliography so 
that the student of chemistry can fortify his knowl- 
edge by additional reading. This textbook is a 
distinctive addition to the field of chemistry.— 
H. Georce DeKay 
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